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NOTES ON THE GEOLOGY OF THE WINNFIELD SHEET 

BY 
G. D. HARRIS. 

INTRODUCTORY REMARKS. 

DESIRABILITY OF GOOD MAPS. 

During the past seven years we have been slowly, yet per- 
sistently, paving the way to the construction of detailed topo- 
graphic maps of certain portions, if not all, of the State of 
Louisiana. And this for the following reasons : 

I. Good topographic maps furnish the prospective immi- 
grant or investor the means of judging the character of the 
aies or areas he may have in mind for settlement or financial 
operations. 

II. In sparsely settled areas, good maps are of inestimable 
value to the traveler along the common highways. They save 
him the trouble and embarrassment of losing his way. 

III. In projecting roads and railroads, a few minutes' study 
of a reliable map may save thousands of dollars in reconnoissance 
work. 

IV. They furnish the basis whereon the distribution . of 
soils, timber, mineral products and geological formations may 
be shown. 

V. They furnish the basis for detailed studies in Physical 
Geography in all our more advanced high schools and colleges. 

VI. InoidentaUy good maps serve as an index to the stage 
' cf social and financial development of the people ordering their 

construction. 

The State Geological Survey is mainly interested in good 
maps because on them alone can detailed geologic features be 
correctly represented. Likewise, the United States Geological 
Survey has been interested in the construction of such maps, and, 
a la^e amount of its annual appropriations has been used for 
that purpose. The Bureau of Soils of the United States 
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Agricultural Department has also felt the pressing need of de- 
tailed mapB and has often been obUged to devote much time and 
money to the construction of such maps as would serve as a 
proper basis for showing the distribution of soils. 

CO-OPERATIVE MAP WORK. 
It is very evident that when any kind of work is carried on 
by different organizations. State and National, for somewhat 
different purposes, the results obtained will be of a different 
kind and of varyii^ general value or accuracy. It seems, there- 
fcre, highly desirable that one oi^anization, or one government 
bureau, should at least set the standard if not actually control 
the constructional work. Economy demands this. All cannot 
map the same area to advantage to the State or Nation. In 
Winn Parish, a part of which forms the subject of the present 
Bulletin, the State Survey, the United States Gteologieal Survey, 
and the Soil Survey have each made a substantial contribution 
towards the final mapping of the region. First the State Sur- 
vey mapped with detail sis townships in the immediate vicinity 
cf Winnfield, townships as a rule known to contain mineral 
wealth, or points of unusual geologic interest. The topographic 
map herewith given (PI. I) indicates the class of work and the 
area covered. Notice that the scale is the same as that used in 
the majority of work done by the United States Geological Sur- 
vey, 1/62,500. The contour interval is also the same (20 feet). 
Heights are expressed in feet above mean sea level. But that 
this work might fit into the general scheme of quadrangular 15' 
maps published by the United States Geological Survey, the 
writer suggested to that oi^anization the desirability of accept- 
ing such portions of the area shown on PI. I as could be used 
in a 15' area and making such additions laterally as would serve ' 
to finish out a sheet of the ordinary standard type. This work is. 
already well under way. The writer also urged the United States 
Soil Survey to study the distribution of the various soils in this 
region; the inducement held out to that organization being the 
detailed completed topographic map of at least six townships 
in the central portion of the area to be studied. This in turn led 
the Soil Survey to make further demands on the United State*. 



.coy Google 



Louisiana Bulletin No. 5. 5 

Geological Surrey to furnish at least an outline map of the whole 
cf Wijm Parish, showing roads, streams, houses, thoi^h not at 
present showing contour lines. It is readily seen, then, that in 
consequence of the initiative taken by the State, the general Gov- 
ernment has seen fit to do a large amount of work in this part 
of the State. 

WHY THE WINNPIELD AREA WAS CHOSEN. 
In many respects this area is typical of a greater part of 
the Hill Land of Northern Louisiana. There are many streams 
dissecting in a remarkable way the land surface, producing many 
steep, sharp slopes, but no hills as a rule over one hundred feet 
above the adjacent stream beds. Since, generally, the un- 
derlying sand and clay beds lie nearly horizontally, their out- 
eroppings give rise along the gentle hiU slopes to soils of varying 
character. Broad stretches of bottom lands are found adjacent 

■ to the larger bayous and rivers showing still different type& of 
soil. The valuable hard wood of the bottoms and the pines of 
the hill land are disappearing as by magic with the advent of 
great "company sawmills." Great though the timber wealth 
of this region may be, calling for new roads and railroads run- 
ning in every direction from the centers i>f lumbering activities, 
fnally the soils must furnish the basis for the steady and perma- 
nent progress of this section of the country. But the Winnfield 
area had additional attractions. Here are building stone, lime- 
stone for plaster and cement works, salt, and perhaps oil and 
gas in paying quantities. So it appeared to us that the present 
mapping of this area might materially assist in the projection 
of roads and railroads, give information to outside parties as to 

• the surface features of the land, furnish a basis for a careful 
soil survey of the region and induce the general Government to 
initiate work of that character here, serve as a basis for geo- 
logical work now and hereafter, and finally serve the purpose 
of initiating map work in this part of the State, to be carried 
on more extensively as time goes on in co-operation with the 
United States Geological Survey. Prom what has already been 
said under "Co-operative map work" and elsewhere it is unnec- 
essary to dwell on the fact that our most sanguine hopes have 
been more than realized. 
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TOPOGRAPHY. 

PEATUEES IN GENERAL. 

No one can examine the topographic map herewith published 
(PI. I) without being impressed with the smallness of the 
features exhibited. Or, on the ground, in following any given 
direction, a section line for example, one is constantly surprised 
at the great number of small steep slopes encountered. At one 
moment one 6nds himself in a narrow step-sided valley, at sm- 
other on top of a divide, crossing some trail, path, or wagon 
road of some description, for the roads and trails in their earlier 
stages of development are almost invariably along the summits 
of ridges. 

Again, one is often surprised at the great width of the 
lottom lands along the more important watercourses. Swamp- 
conditions are by no means rare. 

ELEVATIONS. 

It will be observed that the lowest contour is but 80 feet 
above mean sea level, while in the western part of the map, 
especially in Sections 20 and 29 of the northwestern township 
elevations over 300 feet are indicated. In one instance there is 
ft small area over 360 feet above tide. To the north and east 
elevations are low; to the south and west they are considerably 
greater. The bottom lands of Dugdemona River, as well as the 
low swampy plains along the lesser streams, all are very low, 
when their distance from the Gulf is considered, and especially 
when it is remembered that the Grand Gulf areas to the south 
and west have greater altitudes than the area here under dis- 
cussion. 

HISTORY OF TOPOGRAPHIC DEVELOPMENT. 

With but very few and minor exceptions the topographic 
expression of the area under consideration is due to erosion. 
True it is that fresh exposures along streams and especially 
along the railways show that the underlying beds have been 
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uplifted and bent more in some places than in others, faults 
of a few feet throw can be seen here and there; but, there is 
no great amount of disparity in the resistance to erosion shown 
by any of the common sand and clay beds, and hence however 
complicated the stratigraphy may be the resulting topographio 
features are almost the same as though the whole countty were 
composed of one great bed of clayey sand. 

During OUgocene and Miocene, and doubtless during tlie 
greater part of Pliocene times this area was above sea level and 
was not receiving sedimentation. Doubtless, too, it was some- 
what higher in later Tertiary times than now. Erosion went 
en apace during the later Tertiary, and we suspect some of 
the broader topographic features to have been outlined before 
the glacial epoch at the end of the Tertiary. The broad low- 
Ifiuds of. the Dugdemona and the subdued and aged features for 
some distance on either side of the river; the extensive low, 
swampy bottom lands along such streams as Porte Luce and 
Cedar Creek, the present tendency of such streams towards ag- 
gradation rather than degradation : all show clearly that at some 
distant period, probably late Tertiary, this region doubtless stood 
higher above sea level than it does to-day, and hence erosion 
went on rapidly. Now, however, the country is so low that it is 
only the uppermost reaches of the streams that are doing erosive 
work. 

There are, as stated above, a few very small areas that do 
■ not owe their present appearance to erosion alone. For example, 
the salt licks, with their light-colored, barren, level, floor-like 
stretches; the area of the so-called "Marble Quarry," with its 
sink-holes and recent upheavals; the depression known as 
Coochie Brake, and the elevation containing the sandstone ledge 
just to the north of the brake. - These topographic features are 
due, primarily, to upheaving forces from below, or to the dissolv- 
ing and transporting action of subterranean waters. 
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GEOLOGY. 

MESOZOIC GROUP. 

CRETACEOUS SYSTEM. 

CBBTACeOtJS D0UE8 IN NOBTHEBN LOUISIANA. 

General Bemarlcs. — The earliest references to the Cretaceous 
rocks about Witmfield, or in the northern part of the State of 
Louisiana in general, are to be found under "salt licks," "salt 
works," "salt springs," or topics of like import, as already stated 
ill full in our reiKtrt of 1899, pp. 11, 13. The recognition of the 
fact that the salt areas were in part, at least, of an earlier age 
titan the surrounding Eocene Tertiary beds was recognized by 
Kobertson as early as 1865. The structure of these peculiar 
Cretaceous areas was first interpreted in a very simple manner — 
they were thought to be apices of Cretaceous islands, once form- 
ing a ridge or "backbone" around which Eocene deposition took 
place (Hilgard, 1869). In our Report of 1899 we indicated 
where organic movements had evidently taken place in Tertiary 
t'mes in some of these Cretaceous outcrops. (See p. 58.) In 
our Report of 1902 the greater part of the salt licks in Northern 
Louisiana were described in great detail by Veatch, Their qua- 
quaversal or dome-like structure was then quite fully made out. 
The immense quantities of rock salt beneath these licks, however 
was only surmised, and the real value of the "licks" scarcely 
appreciated. 

A great boon to strattgrapbic geology in our Gulf States 
has been the well records obtained subsequent to the discovery of 
oil in large quantities at Beaumont, Texas. "Salt licks," 
"islands," "buttes," "sour lakes," "quarries" or features that 
at once attract the attention in the usually monotonous sand 
and clay slopes of the Gulf Coast Tertiaries, by whatever 
appellation they may be characterized locally, seem to have this 
much in common— huge lenses of gypsum or limestone, or masses 
of rock salt, or both, located more or less centrally. The dip 
of the rocks about the periphery of such areas seems to be away 
from the central mass, often at a high angle. The longer we 
study these peculiar structures the more convinced are we that 
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although they may be located along lines of weakness, faults, or 
fractured anticlines, they are not to any great extent due to 
tangential, mountain-making forces, nor to volcanic upheavals, 
nor igneous plugs, as has recently been 8i:^gested, but to thu 
siowly-acting, little understood, concretion-forming forces as 
well as the power of crystallization. Hot saline or calcareous 
solutions, coming from earlier Mesozoic or later Paleozoic beds 
'beneath, rising perhaps by hydrostatic pressure alone, may very 
readily, upon reaching a level where the pressure is somewhat 
relieved and the temperature decreased, deposit some of their 
mineral contents. 

Caleaceons concretions in shaly deposits in Paleozoic, Meso- 
zoic or Cenozoie strata, seem to increase in size, bending ad- 
jacent shaly beds upward or downward with irresistible force, 
till the calcareous material within their reach, so to speak, is 
exhausted. If the supply were continuous, or not limited to th'^ 
calcareous matter within a few yards radius, we see no reason 
v-hy the concretion should not grow indefinitely. Though in some 
places there are Cretaceous limestones and sandstones, too, thar 
have evidently been deposited in the regular way and contain 
well preserved upper Cretaceous marine fossils, no one, we think, 
can look upon the highly crystalline, cavernous, unfossiliferous 
Winnfield "marble" without a feeling that a great part of it has 
originated by some secondary process. Calcium carbonate has 
either leached into earlier calcareous beds laid down in the ordin- 
ary way, and has changed and inflated them beyond recognition, 
or has come into its place wholly by concretionary processes. In 
either case we believe the swelling up of this material, primarily 
Cretaceous, is largely responsible for the Winnfield quarry dome, 
and that vulcaniam in its usually accepted sense has liad n rfhing 
to do with the ease. Igneous plugs and dikes usually cause great 
irregularities in the earth's magnetic field. How very slight arj 
the irregularities in the Winnfield area may be seen by corjsultinij; 
Plate II, It would seem that perhaps a fault or a nearer ajjpi lach 
of material of a different character from the ordinary Tertiary 
sands and clays is indicated by the trifling deflection of the 
sf-utb end of the needle towards a line indicated by heavy dashes 
on this Plate II. Deflections like these, detectable only by in- 
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struments specially constructed for terrestrial magnetic work, 
are eearcely of the kind that would be found if igneous activities 
had been at work in the region. The form of a dome depends, 
dcubtless, largely on the position of most rapid increase in size 
of the formative masses, and this doubtless depends on lines of 
weakness in the superjacent strata. Some small areas may be 
so lifted that faults occur and the "lake" at the "marble" 
quarry and tbe expanse of water at Coochie brake, alongside of 
prominent upheavals, are doubtless to be looked upon as the 
downthrow side of faults of this kind. Sub-domes may he ex- 
pected in a domed area. The apices of these minor domes, by 
their proximity to the surface and salt centers cause the minor 
barren tracts that go to make up the districts known by some 
such special name as "Cedar Lick," "Drake's salt works," and 
80 on. 

Cedar Lick. — After the past six years of prospecting with 
the drill about the various "islands," "sour lakes," "salt licks," 
"buttes" and so forth, we believe no one will dispute the ex- 
tremely local character of the masses of rock salt found so gen- 
erally beneath the localities designated by any of the above- 
ntentioned names. Hundreds of feet of pure rock salt are found 
in some drill-holes, while less than a mile away even salt water 
may not be found at much greater depths. In the particular 
area under discussion, drilling had not at the time of our last 
visit been done in a sufficiently trustworthy manner to prove the 
pcsitioQ of the rock salt masses. But that they do exist beneath 
Cedar Lick (at no great depth, in some places, in case the re- 
gion were properly explored) cannot be doubted. Similar struc- 
tures but a few miles to the northwest, at Drake's old salt works, 
prove this, even if the extensive brine springs in the vicinity 
left any chance for doubt on the subject, for a» s Germnn. writer 
has said, "Brine springs are the finger-poste to rock salt depos- 
its." Enough boring has been done, however, to prove that in 
some places at least, over the salt mass there are thick layers of 
celcareous rock, often cavernous and containing considerable 
quantities of gas. About the periphery of each small "lick" in 
the Cedar Lick district there are slight elevations, somewhat 
higher than those a little farther away from the center of each 
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lick, so, although there are do actual roeb outcrops in the diatrict, 
some points in its stratigraphy can be surmlBed. 

Good well sections in Cedar Lick, aa we have said, are want- 
ing. Not that no borings have been made in the region, but 
because of carelessness on the part of those interested to properly 
keep a log of the well, or desire on the part of the drillers to 
not let the public know how deep the drill was actually going, 
or what it was passing through. This much, however, is well 
established. Drilling has gone to a depth of at least 700 feet. 
Besides brine, gas has been met with in considerable quantities, 
8> much 80 that a comparatively shallow vein has furnished a 
steady flow for over two years. When lighted the flame would 
furnish heat for a small boiler. It has gone to waste, however. 
The speeimen of rocks encountered appear very much like the 
calcareous strata in the oil wells farther south, though in some 
cases here they appear to be extremely hard, suggesting even 
the ocurrence of chert nodules. These hard rock layers are said 
to alternate with sands and clays. In no specimens obtained from 
these drill-holes have we ever seen the slightest trace of organic 
remains. We are under the impression that they form lenticu- 
lar concretionary masses whose origin has been referred to on a 
previous page. In Pig. 1, page 12, we have eonstmcted an ideal 
section to show graphically our interpretation of the structure 
across the region of salt licks usually spoken of collectively as 
"Cedar Lick." Notice the licks themselves are represented as 
level tracts of land. Plate III shows something of the levelness 
and barrenness of these salty tracts. Here and there about their 
periphery are slight mounda, shown somewhat exaggerated by 
"H" in Fig. 1. At Goldonna, a few miles ofE our map to the 
northwest, in the old Drake Lick already spoken of, a well pene- 
trated 300 feet of loose material, perhaps Quartenary or Ter- 
tiary sands and clays, then passed through 600 feet of lime- 
stone or gypsum, and then 1,400 feet of rock salt, finaily 
ending in gypsum. And we believe Cedar Lick would show some- 
thing the same section if boring were sufficiently prosecuted, 
though the lenticular masses of secondary material seem to be 
more prevalent here and the solid calcareous layers less persia- 
tent, The humps "H," in our estimation, owe their or'.it'n to 
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either the presence not far below the surfae<! of the uijturaod 
edges of indurated Cretaceous strata or calcareous material 
termed in a secondary manner from the Cretaceous material 
below, or perhaps to the outflowing of brines, or gases eariyli^ 
and piling up arenaceous material in the form indicated. At 
Anse-la-Butte, in Southern Louisiana, the gravel and sand pene- 
trated in the "hump" was said to be mixed with salt seams and 
lenses. At Raybum 's Lick f ossilif erous Cretaceous strata are seen 
about the edges of the lick, as already described by Veatch. The 
gas that is generated in the lateral slopes of these domes works 
its way toward some fracture, pushing waters before it that have 
been rendered salty by being in proximity to the salt masses, and 
imally produces at the surface gas-brine springs — briny waters 
through which gas continuously bubbles. 

Winnfield "Marble" Quarry. — We have discussed this local- 
ity in some detail in oar Report of '99, pp. 56-58, and given 
some of the theories alteady advanced to account for this strange 
outcrop. These need not here be repeated, for the report referred 
to is accessible to all who write to the Director of the Experiment 
Stations for a copy. For convenience sake, however, we have in- 
serted here the little detailed sketch map of a square mile around 
the quarry, made by Veatch and the writer eight years ago. The 
pi^sition of many little topographic characteristics are there 
shown much more clearly than on the small scale map, PI. .1. 
'I'he photograph of Chimney rock we also repeat, PI, IV. 

Though the vertical part of the limestone outcrop at the 
Chimney may not be over 30 feet, one can, by properly searching 
in depressions and then following the beds upwards and beyond 
the top of the Chimney, find between 60 and 60 feet of strata 
exposed. It would seem from the locality shown in the photo- 
graph that the bedding planes {if such they reaUy are) are 
nearly horizontal; by following the ridge a little to the north- 
east it becomes apparent that there is a very marked dip to the 
northwest. This seems to hold good to the Claiborne limestone 
outcrop, to the north on the bayou. In the bluff east of the 
bayou the dip swings around to the east. The small outcrops 
to the southwest are very unsatisfactory so far as showing direc- 
tion and amount of dip. But the general impression obtained 
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from oft-repeated visits to all the various outcrops is: that 
upon the whole their dips and positions indicate that tiie uplift 
hfre recorded is elliptical dome-shaped, with the major Eixis run- 
ning northeast-southwest; that this dome ia fractured along its 
major axis, and that upon the whole the southern side of the 
fracture suffered depression while the northern remains well 
up with a moQoclinal slope to the west of north. Something as 
to the dome-like structure of this vicinity can be gathered from 
the known outcrops of fossiliferous Claiborne beds as shown 
en the large map, PI. I. The lake-like body of water to the south- 
west, as well as the swampy depression to the northeast of Jeru- 
salem Church may have been caused in part by the orogenL- niovii- 
ments more clearly recorded in the "quarry." 




—Sketch of Winnfield "Marble" quarry and aui-rimndinys. This 
map embrofea one square mile. Hkvalians are denoted by contour I'lt- 
Urvals of SO feet, commencing wifft at the base of the eastern bluff. 
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Throughout the 50 or 60 feet of limestone beds here ex- 
posed we have endeavored to see some change in rock character, 
tat with practically no success. In some places, however, it 
seems as though the white and blue alternating laminte dififer in 
■SKch a way in thickness that the blue are relatively more notice- 
able the lower one goes down in the section. The thick seams 
made of dog-tooth spar {PI. V) have certainly been seen most 
abundantly near the top of the section, east of the bayou. 

Perhaps one of the most interesting points relative to this 
■vicinily is the occurrence in peculiar pockets in the bluff east 
of the bayou of a red, granular, porous limestone. The calcare- 
ous crystals are nearly transparent and glitter like fragments 
of glass. Among this reddish granular mass are remains of in- 
sectivorous mammalia and mollusks apparently of a land fauna. 

The bold escarpment here referred to has nothing to surest 
ilie former presence of a cave in this vicinity. But, there can be 
little doubt but that in Tertiary or Quaternary times the lime- 
stone beds were more extensive and contained caves in whieli 
"this reddish limestone was deposited in the form of calcareous 
sinter, or partly, perhaps, after the manner of stalagmites. The 
very- remarkable feature about this cave limestone is that in 
Tiany places it is replete with minute long, hollow bones, evi- 
dently the finger bones of some species of bat. Occasional lower 
jr.w bones are- also found; sometimes tiny bones of other parte 
■of the skeleton. 

The comparatively recent age of this limratone is attested 
by the fact that it was formed in cavities in tbe common white 
and blue limestone of this locality, which latter as shown by the 
fact later on, has been more or less modified since Claiborne 
Eocene times ; the great age, in years, is attoeted by the fact 
"that although this limestone was formed in a cave, all traces of 
■cave structures have disappeared. 
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Coochie Brake. — This interesting locality is in the very 
southweatem comer of the map, PI. I. Something as to the 
nature of the "brake" and the amount of valuable timb.T it 
contains have been given in our Report of '99. In that report 
too the outcrop of heavy sandstone beds was noted. Unfortu- 
nately we were told that the rock just referred to was somo- 
what differently located as to the land lines than we have more 
recently, by our own surveys found to be the case, but the re- 
marks as to extent of outcrop, dip, and so forth made then ary 
quite correct. Herewith we give (PI. VI.) a somewhat different 
view of the rock outcrop, looking northwest instead of north- 
east, as in the plate shown in Report '99. The geologic stnieture 
of this locality is doubtless as already intiinated, due largely to 
the swelling of gypsum or salt beds underneath causing here 
ft fault or fracture in a northeast-southwest direction. The 
"brake" would seem to occupy the downthrow side of the 
fault, 'the rocky outcrop, the northern. Were it not for the un- 
derbrush and talus, the edges of the very heavy, apparently 
level beds could be well seen on PI. VI. In mounting the escarp- 
ment shown, and looking toward the northwest it is at once 
obvious that the whole formation plunges beneath Tertiary 
sands and clays in the lowlands only a few hundred yards away. 
Although the rocky layers come to the surface for a distance of 
lera than one-eighth of a mile, their presence is manifest by the 
soil-covered ridge extending nearly half a mile in a northeast- 
southwest direction, as may be seen by consulting the map. 
Again, although not over 40 feet of rocky ledges are to be seen 
in anj one vertical escarpment, there is little doubt that the 
SBme material extends some distance below the top of the talus 
slope. 

No animal remains have been found in the Coochie Brake 
beds. Fragments of wood and leaves are in places common. 
'*.he most characteristic feature of the outcrop is the red iron 
slains due to the presence of large numbers of iron pyrites 
I odules. 
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CENOZOIC GROUP. 
TERTIARY SYSTEM. 

EOCENE SERIES. 
SABINE STAQB. 

Distribution and characteristics. — Just beoeath the fine 
outcrop of foasiliferous Claiborne limestone to the north of Chim- 
r.ey rock at the Winnfield quarry there appear at least 30 feet 
of lignitic clay, dipping at an angle of from 10° to 40° in a 
westerly direction. Since the Claiborne limestone contains a 
very similar fauna to that of the calcareous marl at Natchitoches, 
and since there, too, dark, lignitic clays oceor beneath the fcs- 
fciliferous beds, and these we have referred to the Sabine stage, 
there seems to be no reason why the elays at the Winnfield 
quarry should not be referred to the Sabine, though as yet they 
have yielded no characteristic fossils. There are a number of 
species of fossil plants here, but thus far they have not been 
studied. 

By consulting PI. I it will be observed that the foasiliferous 
Claiborne surrounds the quarry in a more or less circular man- 
ner. Between the limestone outcrops and the Claiborne beds 
the strata are generally hidden by surface soils, but occasionally 
ae in the banks of Rocky Bayou, south of the quarry, south of 
the highway, perhaps 150 paces south of "B. M. 152," some fine 
lignitic clay beds can be seen dipping east or in the opposite di- 
rection from the dips of the Sabine elays north of the quarry. 

CLAIBORNB 5TA0E. 

Distribution and characteristics. — Nearly all the area rep- 
resented on our map is referable to the Claiborne stage. The 
Cretaceous and Sabine outcrops are very insignificant. In the 
southeastern part of the area certain gjT>sum-bearing elays and 
sands should probably be referred to the Jackson stage. East 
and northeast of Packton the water from shallow wells is im- 
potable, and We have no doubt but that if there were a large 
number of excavations made in this district somewhere fossils 
vould be found and they would most probably be of the upper 
Eocene or Jackson horizon. (See discussion below.) 

Wrat of the Mississippi River the Claiborne stage is usually 
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divisible in two parts, the lower, as a rule, quite fossiliferous, 
and the upper, often called the Coekfield sub-stage, quite barren 
BO far as zoogene fossils are eoneemed, though abounding in fos- 
sil plants and lignitic clays. 

The lower fossiliferous substage of the Claiborne is fairly 
well shown in the uorthwesteru portion of the map, especially 
about the so-called "Marble" quarry. West of our map, in the 
\ieinity of Couley, and north of the map, from Tannehill north- 
ward, this lower fossiliferous member of the Claiborne can be 
seen and studied. The greater part of the area mapped, how- 
ever, must be referred to the upper, lignitic division of the Clai- 
Ikime stage. 

The Sabine beds exposed beneath the Claiborne limestone 
to the north of the "Marble" quarry have already been referred 
to. The lignitic clays give place above to calcerous clays of a 
l?ght color, with here and there a mass of ferruginous sandstone. 
On the bottoms of these sandstones are found besides oyster 
shells, Byssoarca, Capulus, Yenericardia, Corbula, Lucina and 
other marine bivalves. Still higher comes the great cream-eol- 
. ored limestone with its numerous oysters, Byssoarca, Pseudo- 
liva, and a Nummulitic form in great quantities. This limestone 
is 8 or 10 feet in total thickness and dips westward at an angle 
of nearly 45°. 

Practically all the lower Claiborne outcrops besides the one 
just described consist of calcareous, or red, ferruginous sands 
or sandstone beds. Oeeasionally, however, as in the prairie 
region 3 or 4 miles southwest of Calvin, light calcareous clays 
come to the surface and oyster shells can be picked up, not as 
mere casts, but in a well preserved condition. On the Montgom- 
ery road just south of the "Marble" quarry the highly ferrugi- 
nous red fossiliferous sandy layers are well shown. 

The thickness of the lower fossiliferous member of the Clai- 
borne is probably not great, possibly not over 100 feet. Still, esti- 
nates of thickness are very unsatisfacton,- here owing to the few 
exposures that can be seen and studied. From the Atlanta well 
as given below it appears that 100 feet can be safely referred to 
this lower division. 
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The upper or Cockiield member of the Claiborne is finely 
exhibited along the various railways crossing the area shown oo 
the map, as well as in the upper reaches of the more important 
bayous. Sand and clay of a light hue generally, though dark- 
ened occasionally by lignitic material, constitute practically all 
this sub-stage of the Claiborne. Hardened or consolidated ma- 
terial is rarely met with. Pig. 3 shows how the first 300 feet of 
the L. & A. railway well at Winnfield penetrated nothing but 
alternating beds of sand and clay. The few thin rocks and the- 
alternating or intermingled sands and clays below probably be- 
long to the lower portion of the Claiborne and to the Sabine. 
No fossils were reported from this well. No detailed record 
seems to have been kept of the character or color of the various 
beds penetrated. However, by going on the "Valley" railroad 
about 3 miles toward Atlanta from 
Winnfield an excellent exposure can 
be seen of the upper Claiborne beds. 
A good view of the south side of the- 
cut is herewith given as Plate VII. 
The different beds shown are as fol- 
lows, beginning above (see Fig. 4) : 
Feet. 

1. Soil, red above..- 2 

2. Sandy clay 2 

. Light sand.... 




— IHaeram ot the beiJs 



4. Sand, clay partings, with fer- 

ruginous con e retions. 

5. Light sand, yellowish lines. _.. 

6. Dark clay with leaves „ 

7. Dark sand - .- 



As a rule, the sections along the "Valley" railroad show 
little variation in appearance and but few interesting structural 
features. At Atlanta, however, the Germain & Boyd Lumber 
Company put a well down 877 feet deep on the high hill just 
ejist of their mills, in section 26, perhaps three-quarters of a mile 
north-northeast of New Atlanta. The section furnished by this 
company reads as follows: 
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First 10 feet red clay mixed with sand. 

Prom 10 feet to 30 feet white clay. 

From 30 feet to 60 feet hard blue clay. 

Prom 60 feet to 66 feet fine sand. 

Prom 66 feet to 120 feet hard blue clay. 

From 120 feet to 122 feet 8 inches hard 
mek. 

From 122 feet 8 inches to 129 feet clay. 

Prom 129 feet to 135 feet sand and clay. 

From 135 feet to 229 feet blue clay. 

Prom 229 feet to 241 feet sand. 

Prom 241 feet to 270 feet hard clay. 

Prom 270 feet to 287 feet coal or shale. 

From 287 feet to 380 feet clay. 

From 380 feet to 394 feet sand. 

Prom 394 feet to 401 feet hard clay. 

From 401 feet to 421 feet sand and soft clay. 

Prom 421 feet to 475 feet hard clay. 

From 475 feet to 503 feet hard clay with 
large boulders every few feet with small shells. 

Prom 503 feet to 543 feet hard elay and 
boulders every few feet. 

From 543 feet to 580 feet clay, shells aad 
a little fine sand. 

From 580 feet to 585 feet rock, clay and 
shells. 

Prom 585 feet to 609 feet sand rock. 

"We have no record below 609 feet; the 
total depth of the well is 877 feet ; as I can re- 
member it, it was sand rock below 609 feet most 
of the way until they struck the salt water 36 
feet from the bottom ; this was the first salt water 
struck. "We went through a small stratum of 
sand from 380 to 394 feet containing fresh 
water." — George H. Boyd. 

By searching in the sand that was said to 
have come from a depth of 500 feet we were able 
to obtain several small but typical lower Clai- 
borne fossils. 



FIG 3- Well secttarf, 
stBttoaWliiDlleM. 1-s. 
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The top of the fossiliferous beds here may be placed at 
approximately 200 feet below tide level. Nine miles to the north- 
northwest the uppermost fossiliferous beds seen were approxi- 
mately 240 feet above tide. Hence the dip between the latter 
place and the Germain & Boyd well must be about 440 feet. 
Were it not for the Winnfield-Cooehie fold tliat we have de- 
scribed as crossing this line of dip (see Plate II.) we believe the 
dip should be twice the amount just given, or even more, as will 
be apparent when the sections below are considered. 

Section in Winnfield.—Jijst south of where the Georgetown 
road crosses the Arkansas Southern railway track, over a high 
bridge, about 20 feet of Tertiary strata are exposed. They ap- 
pear to have a steep southern dip amounting to about 8 feet in 
100; are of a light gray and yellowish hue, and show no verj- dis- 
tinct and well-defined bedding. All may be called a clayey sand, 
with but comparatively unimportant diiferenees. 

Section along the L. & A. railroad, from Winnfield to Moore. 
- -Outcrop No. 1 (see PI. VIII). — -About one-quarter mile south 
cf the trestle or the letter B in "B. M. 103" on the map, on the 
west side of the track one can see no less than 20 feet of very 
dark lignitic clay below the rails in the knolls excavated by the 
railway company for embankment purposes. Very little dip is 
here observed. 

Outcrop No. 2. — About one-half mile north of "B. M. 133"— 
The depth and length of this cut can be ascertained by eonsult- 
iiig PI. VIII. At the north end cross-bedded sands occur; to 
the south beds of sandy clay form an arch or anticline. 

No. 3— One-third mile south of "B. M. 133."— This cut is 
characterized by its reddish sands. At the southern portion ir- 
regular bedding and flow-and-plunge structure are noticeable. 
The red sand beds often show white clay layers and pellets 
along their lines of parting. 

No. 4. — Just south of "B. M. 107." — An old stream (-bau- 
nel, ocupying the northern third is the most interesting feature 
of this cut. It shows occasional pockets of Pleistocene gravel, 
The lower part of the cut, to the south, is occupied by typical 
lignitic sandy clays with thin yellow sand and ferruginous sandy 
partings. 
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No. 5. — Several small cuts occur along the railway to the 
south of Cedar Creek, but the most interesting is the one about 
half-way between "B. M.'a 131" and "163." Here may be 
st-en two rows of "bomb-shells," about 3.5 feet apart vertically, 
and averaging perhaps 20 feet apart horizontally. Thesr 
"bombs" are clay-ironstone concretions, of a deep red hue, some- 
times a foot or more in diameter. The greater part of the expo- 
sure is made up of light sands with yellowish partings. Toward 



the base more clay occurs and a tendency toward a chocolate hiio 
appears. (See Fig. 5.) 
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No. 6. — On bank of stream just south of B M 
163." — Here is an extensive exposure of light grayish 
or olive sands with an apparent dip of one-sixth to the 
S. S. E. Cross-bedding is frequently seen Great 
ferruginous eoneretions are imbedded in the light 
sand. Some concretions are of a very yellowish hue 
and seem decidedly calcareous. 

No. 7.— Just north of "B. M. 186."— An unin 
teresting cut of sandy layers, dark above, lighter be- 
low, dipping slightly to the north. 

No. S.^ust to the south of "B. M. 186.' — Thre- 
rather distinct layers are observable in this cut Above 
are 8 feet of sand, becoming dark, to the south In th 
middle are whitish clayey sands with blackish partings 
8 feet. At base are 10 feet of light clayey sands 
slightly brownish in places, with yellowish partmgs. 

No. 9.— One-half mile south of "B. M. 186 A 
shallow cut of about 10 feet showing below reworked 
material, about 5 feet of eross-beddded scaly clays 
with a slight dip to the south. 

No. 10. — One-half mile north of Moore. — A cut 20 
feet dep consisting of whitish and yellowish sandv 
layers separated by ferruginous scaly seams, slightly 
cross-bedded at north end of cut. Dip southerlv al 3ut 

1-r-lOO. 

No, 11. — In the west railroad ditch, about ine 
quarter mile north of Moore. — Light olive sands abou 
20 feet exposed. Dip southerly, perhaps 1-h15 

No. 12. — At Moore, South from the road crossing 
— An excellent exposure, showing interesting struc 
tural features. See Fig. 6 : a, 7 feet of orange 
flecked white sand ; b, light reddish sand ; c 1 ght 
sand 7 feet; d, concretions; e, 8 feet light sand 
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-nith vertical ferruginous partings; f, lignitic sand, 3 feet; g, 

•■annda, sometimes purplish from decayed "bomb-shells", 5 feet; 
throw of faults, from 2 to 8 feet; direction of fanlt, E. 15° N.; 

liade, 20° to 40". Downthrow on north side. 

No. 13. — One-half mile to the south of No. 12 there is a 
low cut about 800 feet long showing at base light sandy clays, 

■dipping l-=-15 southward ; above are light reddish elayey sands, 
light yellowish when weathered. 

There are no more cuts of importance to the south on this 
railway before the southern limits of our map are reached. 

Cuts on the Arkansas Southern railway, south of Winnfield. 
— By consulting Plate VIII it will be seen that the exposures 

:fihown furnish but samples, as it were, of the strata that underlie 
this general region. It has not been possible to state which beds 
seen along the L. £ A. are to be correlated with which on the 
Arkansas Southern. In fact, doubtless the majority of the beds 
-seen on the one are not exposed on the other. Still, after arrang- 
ing the manuscript notes of a section along the latter road in 
"the same way we have arranged those along the L. & A., it be- 
-ci-mes apparent that they agree in materials exposed, in cross- 
bedding, faults, jointing, etc., that is there are no materials in 
the one not shown in the other, but the identification of the 
-seme bed or the same structural feature on both roads cannot 
well be made, though the roads are very near together. The 
materials of which the upper Claiborne beds are made are sub- 
jtct to marked variations in very slight distances. 

Thickness of the upper Claiborne deposits. — From dip cal- 
culations along both the L. & A. and the Arkansas Southern we 
Tiave found that the thickness of the upper unfossiliferons por- 
tion of the Claiborne must be at least 1,000 feet to the south of 
Winnfield. But if we add 400 feet more as the well section at the 
Tj. & A. station would seem to call for, we have a total of 1,400 
feet as a minimum. This seems excessive, but when we realize 
■that the fossiliferous lower portion of the Claiborne is perhaps 
not over 100 feet thick, the total for the Claiborne is 1,500 feet, 
still somewhat in excess of previous estimates for this stapre in 
Ijouisiana, but one that present indications would show to be a 
•minimum rather than a maximum figure. 
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jackson staob. 

The presence of this stage in the area represented by the 
riap has not been proven by fossil remains. We have indi- 
cated the probable occurrence of Jackson beds in the southeast- 
em comer of this area because just over the parish line south 
of Prairie Home P. O. well preserved Jackson fossils occur. The 
strike of the beds here is a little north of east, so that the 
boundary line between Jackson and Claiborne stages might well 
be expected to pass across the southeast corner of our map. The 
gtneral occurrence of extremely "bad" water with marly claj^s 
containing quantities of selenite crystals in the vicinity of 
Pleasant Hill Church and between here and the parish line to 
the south suggest materials and conditions of depositions much 
more in harmony with the Jackson than the upper part of the 
Claiborne stage. 

QUATERNARY SYSTEM. 

Little is known of the condition of affairs in central Louisi- 
ana during the Tertiary after the Jackson stage. The Oligocene, 
Miocene, and, perhaps. Pliocene are not recorded by any recog- 
nizable materials of deposition. This area was most probably 
much higher during the middle and upper Tertiaries than it is 
to-day. Doubtless, as we have already remarked, some of the 
main topographic features were outlined before the end of the 
Tertiary. Yet, much of the region herewith mapped is charac- 
terized by sharp and youthful topographic features, and erosion 
is going on apace in the upper reaches of the main streams. 
Hence, doubtless, ail of the minor topographic features were 
wrought during comparatively recent or Quaternary times. We 
strongly suspect that during the later Tertiary the whole Dugde- 
mona valley was carved much deeper than it appears to be to- 
day and that a great amount of re-filling has taken place in 
Quaternary times. On the hill land there is a remarkably small 
amount of material that can be looked upon as having been trans- 
ported far or as being re-worked to any extent from the Ter- 
tiaries below. In the cuts on the "Valley" railway but a short 
distance south of the station, five or six feet of unstratified mate- 
rial can be seen on top of the stratified Tertiary. Here, too, gen- 
erally at the base of the former are numerous fragments of petri- 
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fied wood. Sometimes they may be seen as chunks or logs, but 
a8 a rule they are mere splinters, nearly always with sharp 
edges, showing little or no erosion. Fossilized wood occurs as 
kgs of considerable size on the surface of the ground on the 
hills beyond the salt licks southeast of Winnfield. On the first 
hill south of the L. & A. station in Winnfield many of these peti- 
rified logs may be seen along the highway. (See Plate IX.) 

Pebble beds, so extensively displayed in many regions on the 
Gulf slope, just at the base of the so-called "Orange Sand" of 
the old school of geologists, are comparatively unimportant in 
this region. We have already noted a few pockets with pebbles 
along the L. & A. railroad section ; and others can be seen six or 
eight miles south of Winnfield on the Arkansas Southern. They 
■are surprisingly insignificant in comparison with deposits of 
similar material in, for example, Catahoula parish, or Rapides, 
in the hilly regions. These pebbles are composed of chert and 
often contain Lower Carboniferous fossils. They evidently have 
b^en extensively water-worn, and oxidized to the last degree. 
They came from Indian Territory, northwest Arkansas, Kansas 
-cr Missouri, for their contained fossils show this, but the method 
of transportation is still not well understood. Along an old 
trail perhaps two miles northeast of Packton we observed a very 
Int^e chert pebble or rock, at least eight inches in diameter. It 
is certainly difficult to explain ita presence here without invoking 
the agency of floating ice. 

ECONOMIC PRODUCTS. 
WATER. 
In a region underlain by very irregularly lense-shaped 
masses of clay and fine sand, containing joints, faults, and many 
local folds, there is no hope of meeting with a well-defined, easily 
recognizable water-bearing horizon, like the Potsdam or Dakota 
ssndstone in the North and West. Again, underneath these irreg- 
ular sand and clay beds there are anticlines and faults in the 
Cretaceous rocks, and the Cretaceous is locally pregnant with 
rock salt. Brines therefore may leach up through several 
hundred feet of the above-described clays and sands. The diffi- 
culties to be met with in supplying a town, 'or example, with 
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deep well water are therefore great. In spite of these discourag- 
ii'g features, however, water may be obtained in most places in 
abundance by utilizing whatever water is found in each sand 
stratum penetrated. Since these strata are numerous the sup- 
ply from one well can be made very considerable. Tbe Clifford 
Well Company obtained a supply at the L. & A. station at Winn- 
field of 90,000 gallons daily within 580 feet, from a 3-iach well. 
To go deeper than this would be to ran the chance of striking salt 
water, especially in this particular vicinity, where we believe a 
Cretaceous ridge occurs at perhaps a depth not much greater 
than 1,000 feet. The same conditions prevail at Atlanta where 
the Germain & Boyd Lumber Company reached very bad, salty 
v.ater at 841 feet. Its analysis is as follows: 

"From Germain & Boyd, Atlanta, La., Winn Parish, sub- 
mitted by Judge P. J, Patomo, 506 St. Philip street, city, 

(Analysis expressed as grains per U. S. Gallon.) 

Sodium Chlori de ;_ ._ ..^-^ 353.672 

Sodium Carbonate 7.128 

Potassium Sulphate 1.792 

Potassium Carbonate 0.470 

J!!agnesium Bicarbonate .: 8.126 

Calcium Bicarbonate , 12,886 

Iron and Aluminum Oxides ™ 0,139 

Silica 0.435 

Volatile Matter — Trace. 

Bromine — _ Trace. 



384.748 
Calculated excess water. 2.448 

Total -,. ..™,™ 382.300 

"Remarks — This water is decidedly salty and contains 
twenty-one (21) grains of incrustating material to the gallon. 
This water is unfit for boiler, technical, or domestic purposes. Its 
cnly use would be for extinguishing fires. This water energet- 
ically and actively attacks galvanized iron. De. A. L. Mbtz." 

To the south of "Wini^field there should be no great diffi- 
culty in obtaining a good supply of water by utilizing whatever 
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each sand bed carries. In the very southeastern part of the area 
covered by the map doubtless the water obtained from the 
selenite bearing clays and sands to a depth of 50 to 100 feet 
would have to be cased off from the supply found in the good 
water-bearing sands lower down. 

In the western part of the area mapped, west of the "Mar- 
ble quarry," for example, in the long-leaf pine woods, the ex- 
ttnsive superficial deposits of fine sand absorb immense quan- 
tities of rain water, and, whenever this reaches an impervious 
clay layer that lies above the valley bottoms, it comes out in 
springs of large size and most excellent quality for drinking pur- 
poses. A few of these springs we have noted on the map. Deep 
well water in this region should be obtained if desired, as in the 
area to the south of Winnfield. The region about Calvin pre- 
sents somewhat greater difficulties as to deep well water, for the 
Claiborne beds near or at the surface would be more than apt 
to carry bad-tasting mineral waters. The Sabine stage is that 
which if properly worked would yield fair water at less than 
600 or 800 feet. Depths greater than that would furnish, locally, 
at least, salt waters. To the northeast of "Winnfield across 
the Dugdemona, there are so far as we are aware no deep wells, 
bnt there appears to be no reason why they may not he obtained 
as satisfactorily as at Ruston, for the formations encountered 
are alike in the two localities. 

SALT. 

The extensive salt licks a few miles southeast of Winnfield, 
ai^ already described, leave practically no doubt as to the pres- 
ence there of immense beds of rock salt within a few hundred 
ft-et of the surface of the ground. In exploitins: this region for 
niining it is worth while to make sure of two things — first, that 
the location for a shaft is at the place where the salt approaches 
near the surface and, second, that the salt is capped with a 
etnsiderable thickness of solid rock. 

At Ithaca. X. Y., fresh water is turned info drilled wells 
SI metimes 2.000 feet deep or more. After satnraticm from being 
ir contact with the rock salt ma=s the water is f()rced up and 
evaporafi'd by the exhaust steam from the street ear power plant. 
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■I'hia use of superfluous heat about the many large Wjnnfield 
mills should eertaiuly be considered by their owners. Agaiu, 
iij the Winnfield salt lick district the salt or brine springs, as well 
a." the "oil" well already bored, prove the existence of no in- 
ci nsiderable amount of gas in the region. The burning of such 
gas as can easily be obtained should also furnish a sufficient 
jimount of heat for evaporating large quantities of table salt. 

GAS. 

A considerable amount of gas is escaping from the various 
trine springs in Cedar lick, and the "Blow-out" well has pro- 
diiced brine and gas for nearly two years. But, upon the whole, 
we are Dot inclined to think that immense quantities of gas are 
pent up in these salt domes. Such gases as have been generated 
in the district have had too easy ways of escape to "have accumu- 
lated in large quantities, proctncmg great gas pressure over large 
areas. Yet nothing short of actual testing witli the drill wi!t 
sliow how much gas may be obtained. 

LIMESTONE. 

We have had occasion frequently to refer to the so-called 
Winnfield "Marble quarry." The value of the material there 
shown as "marble" is but slight. As limestone for burning 
to quicklime and as an important ingredient for cement and soda 
ash manufacture its value is great. By comparatively little 
siripping, limestone roeks could be exposed ^or a distance of 
half a mile in a northeast-southwest direction and from an 
eighth to one-fourth mile in a northwest-southeast direction. 

For the manufacture of cement, clays just beneath the Clai- 
borne limestone to the north of the 'quarry," as already de- 
scribed, should be studied carefully. Other clays can be found 
exposed in railway cuts; for example, near the brickyard in 
West Winnfield or in the great cut shown as Plate VII, For 
the manufacture of soda, a test well should be first put down 
near the "quarry" in search of salt. It is quite possible that 
i-ock salt may be found beneath the limestone. However, by the 
construction of short tram lines or spurs from the "Valley" or 
the L. & A. railroad, limestone may easily be brought to Winn- 
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field and brine may be pumped there from the lick to the south- 
cast. By consulting the map, Plate I, it is easy to see that with 
but one cut of importajice a railroad could be laid out from, say, 
"B. M. 184" on the Montgomery highway east joining the "Val- 
ley" railroad at "B. M. 153." Connections from the quarry 
down the bayou to "B. M. 112" or "113" on the L. & A. eould 
be readily made. 

BUILDING STONE. 
The bluff of calcareous sandstone (often heretofore im- 
properly called limestone) is of exedlenf quality for construc- 
tion purposes, but, owing to the pyrite conerefions it contains, it 
, ci>uld not well be used for facing or ornamental stone work. 
Seme have supposed thg quantity of this sandstone to be limited 
to what is in sight jiom/ at the "brake." The topography to the 
northeast, however, indicates clearly that by stripping, a qoarry 
one-half mile could be opened up. 
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GART06RAPHY OF SOUTHWESTERN LOUISIANA 

Wim APfiCUL RBPBRBNCB TO TIIB 

JENNINGS SHEET 

By a. D. HARRIS 

INTRODUCTION. 
The area showii on the map which aceompanies this Bulletin 
ifl but one of many in Southern Louisiana that deserve immediate 
attention Irom State and National surveys. The old Land Office 
maps, though showing accurately enough the metes and bounds of 
land grants and claims, give almost no idea of the surface fea- 
tures of the land, practically no roads, railroads, villages, towns 
nor houses as we find them today. As a matter of convenience to 
the people dwelling in these areas, for planning their roads, rail- 
roads and especially their canals and levees good topographic 
maps cannot be too quickly constructed. The great value of reli- 
able determinations of the elevations of a great number of road- 
crossings, bridges and other points alt over the area, and the 
value of the permanent iron bench-marks left every few miles 
along the railway track, must be apparent to all who are inter- 
ested in canal work and rice culture. Again, the prospective im- 
migrant must be greatly influenced by an authoritative map indi- 
cating just what he may expect to find in any particular region. 

FOKMER. SURVKY WORK IN SOUTHWEST 
LOUISIANA. 
Reference has already been made to the Land Office maps, 
made for the most part years &^o, showing practically none of the 
roads, towns, etc., as we see them today, but showing generally 
the larger streams, sometimes with great detail, but indicfiting 
the lesser streams in a most crude manner. Several of the par- 
ishes hav? published local maps, usually the area within their own 
confines, basing the whole mainly on the old Land Office maps, 
but indicating the towns and the general direction of the roads as 
they were understood at the date of publication. The so-called 
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State maps published by geographic puhlishing companies as well 
as the maps of Louisiana found in atlases, are mainly from this 
same source and are of about the same order of merit as the 
parish maps just described. 

In Bulletin No. 1 we have attempted to give an approxi- 
mately correct idea of the topography of Southwestern Louisiana 
by means of contour lines. The data for the same were derived 
from railway, canal and lines of private sources. 

In all such maps, however, the determinations of elevation 
as welt as latitude and longitude must be considered as but ap- 
proximately correct. 

Cartographic work of a high order was begun in Southwest- 
ern Louisiana by the members of the Coast and Geodetic Survey 
in about 1866 and since that time such coastal areas as are indi- 
cated on the accompanying outline map {PI. X) have been care- 
fully mapped. 

Up the Mississippi River and even the Red, triangulation 
and precise level work have been carried. But the great stretch of 
country to the south of Alexandria, until the coast is reached, 
is practically uncontrolled, either laterally or hypsometrieally, 

RECENT CO-OPEKATIVE SURVEY WORK. 

In starting cartographic work in this section of the State it 
was necessary to consider the most expedient methods of primary 
control. So far as hypsometry is concerned, the Survey had the 
foresight two years ago to establish, with the cjj-operation of 
the Coast and Geodetic Survey, a tide station where the height 
of the surafce of the gulf is continuously recorded. All this 
work is fully set forth in Bulletin No. 3 of our report of 1905. 
On page 14 we read : "Our intention is, by a long series of tide- 
gauge readings, to determine the elevation of a few seacoast 
bench-marks with great accuracy, and from them run a line of 
precise levels along the Southern Pacific railroad and establish 
at intervals of every five miles permanent bench-marks and there- 
on give the true height of the same above sea-level. All local lines 
can then be referred to one datum plane and when local surveys 
extend for a few miles in an east-weat direction both ends can be 
tied to reliable bench-marks and the aeeuraey of the local survey 
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can be tested without the expense of duplicating all the work. 
Fairly reliable local bench-marks many miles distant from the 
above-mentioned railroad will very soon be felt by local engineers 
and the mapping of the region topographically will be greatly 
facilitated. The time saved in running and re-running level line's 
will in a few years amount to tens of thousands of dollars." 

CO-OPERATIVR WORK WITH THE U. S. GEOLOGICAL 
SURVEY. 

The tide-gauge has already served one purpose for which 
it was established, the one indicated in the paragraph above — 
i. e., the furnishing mean sea-level for precise leveling in this 
part of the State. In the fall of 1906, the State Geological Survey 
co-operated with the United States Geological Survey and ran a 
series of levels from Weeks Island {tide gauge station) along 
the Southern Pacific spur to Baldwin, thence to Lafayette, thence 
to Jennings along the Southern Pacific Railroad, establishing and 
marking bench-marks along the right of way about every four 
miles. (See the accompanying outline map, PI. X.) 

So far as horizontal control is concerned, co-operating with 
the U, S. Geological Survey, the State Survey has been able to 
ran a line of primary traverse from Morgan City, on the Atcha- 
falaya, along the line of the Southern Pacific Railroad to La- 
fayette, thence to Jennings, back via Midland, Gueydan, Abbe- 
ville, New Iberia and Morgan City again. (See PI. X.) 

The results of the co-operative work with the United States 
are such that a large number of the 15° quadrangular maps in 
this part of the State are controlled in a primary manner. (See 
quadrangles in red, PI. X.) These we propose to take up and 
complete as rapidly as funds will permit. 

CO-OPERATIVE WORK IN PRECISE LEVELING. 

(Notes furnished by the Compnting Division, U. S. G«oL Survey.) 

Crowley, Delcambre, Jeanerette, Jennings, Lafayette and Neto 

Iberia Quadrangles. 

Acadia, Calcasieu, Iberia, Lafayette and St. Mary Parishes. 

The following are the unadjusted results of a precise level 

line run in the fall of 1906, beginning at Weeks Island and fol- 

4, _.. nGoOgIc 



Report op 1907, Boll. No. 6. 



lowing the line of the Cypremort Branch of the Southern Pacific 
Railroad to Baldwin, thence westward along the main line of the 
Southern Pacific Railroad to Jennings, a total disant of about 
one hundred miles. The work was done in co-operation with the ' 
Louisiana Geological Survey, Prof. G. D, Harris, Qeogolist-in- 
eharge, who established an automatic tide-gauge on Weeks Island 
iti February, 1905. Records have been kept continuously since 
and will be continued for some years under the direction and 
at the expense o^ the United States Coast and Geodetic Survey. 
The line was started from a bench-mark established by Prof. 
G. D. Harris, and known aa beneh-mark No. 2, also upper bench- 
mark No. 1, and is the rounded top of a brass plug protruding 
through cap on iron post which is set about 250 yards west of the 
terminus of the railroad at the Weeks Island Salt Mine, and 
about 0.75 mile easterly from the tide-gaage. The elevation as 
determined by the Coast Surrey is 19.36 feet above the mean 
sea level. 

Thirt7-4even standard bench-marks were set at intervals of 
not more than 4 miles apart. The total divei^nce between direct 
and reverse lines was 0.061 foot. 

The methods of leveling, type of level and limit of error are 
those now used by the Coast and Geodetic Survey except that the 
reds were graduated to yards and hundredths instead of in 
meters. They were non-extensible self-reading and 3.5 yards in 
length. The readings were taken to thousandths by estimating 
the smallest graduation, the sum of three readings giving the 
mean reading in feet. 

The line was leveled independently in both forward and 
backward directions, broken by temporary bench-marks into sec- 
tions 0,5 to 1.25 mile long and on all sections upon which the 
forward and backward measures differed more than 0.017 y/D 
(in which D is the distance between bench-marks in miles), for^ 
ward and backward measures were repeated until a pair run in 
opposite directions checked within limits. 

The party consisted of five men — two rodmen, an umbrella- 
man and one recorder under Mr. E. L. McNair, topographer, un- 
der the supervision of Mr. S. S. Gannett, geographer. 

Standard bench-marks are stamped with the letters "LA" 
in addition to figures of elevation, mostly to nearest foot. 
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DBLOAHBRB QUADRA NQIA 

Weeks Island via Cyrpemort Branch Southern Padfic Railroad 

to Baldwin. 
'Weeks, shafthouse at Salt Mine, 150 yards west of ; road to 
tide house, 20 feet to right of; iron poet (Established 

by Prof. a. D. Harris of La. Geol. Snrvey) 19.360 

Cypremort, 0.69 nule west of; road eroasing; top of rail 3.2 

Cypremort, in front of station; top of rail 7.8 

<^remort, 600 feet east of station of S. P. R. R., 22 feet 
north of main track, at cattle guard, iron post stamped 

"8" 7.662 

Alice B station, at road crossing, top of rail 8,6 

Alice B station ; :35 mile east of ; road crossing, top of rail 8.7 

Ivanhoe station, at road crossing, top of rail____ 7.5 

Florence station, top of rail 7.6 

JEANERETTE QUADRA NQLE. 

Cote Blanche station, in front of ; top of rail , 7.7 

Cote Blanche station, 100 feet east of highway crossing, 20 

feet north of center of track, iron post stamped "7"- 7.195* 

Richland, top of rail 9.7 

Glencoe, top of rail at station 11.3 

Glencoe, southeast comer of station, 5 feet north of plat- 
form steps, 30 feet north of main track, iron post 

stamped "10" 9.531 

Glencoe, 0.9 mile east of station, road crossing; top of rail_ 6.8 
Glencoe, 1.60 miles east of; spar track to sugar mill, top 

of rail at switch stand 7.4 

Glencoe station, 2.16 miles east of; road crossing, top of 

rail 5.7 

Vacherie, 0.2 mile west of station, 240 feet west of high- 
way crossing, 45 feet south of railroad and 15 feet 
southwest of comer of section tool house, iron post 

stamped "6 LA"- 6.071 

Vacherie, road crossing, top of rail 6.2 

Vacherie, 0.3 mile east of ; road crossing, top of rail 6.2 

Franklin and Abbeville Junction, 20 feet west of end of 
station and 18 feet north of track (Weeks Island 
Branch), iron post stamped "5 LA" - 5.043 
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Franklin and Abbeville Junction, top of rail- 



Franklin and Abbeville Junction, 1.20 miles east of; road 

crossing, top of rail—- — 11.4 

Baldwin, in front of station; top of rail .-12.9 

Baldwin, 100 feet northwest of station; 25 feet west of 

center of highway, 15 feet southof switch, iron post 

" 11 LA ' ' ..„...11.03( 



Baldwin via Southern Pacific Railway to Lafayette. 

Baldwin, 1.0 mile west of ; south of track, telegraph pole, 

spike in base of. Bj 

Adeline, 1.4 miles east of ; road crossing, top of rail 



Adeline, 0.7 mile east of station ; south of track and 150 

feet west of mile-post 108, telegraph pole, spike in 

base of 10.16 

Adeline, in front of station ; top of rail -_ -„14,6 

Adeline, 210 feet west of ; south of track, telegraph pole, 

spike in base of .™_ 11.184 

Adeline, 220 feet west of ; about 30 feet north of track, iron 

post stamped "14 LA" - .....13.827 

Adeline, 0.53 mile west of; south of track, telegraph pole, 

spike in base of. ™. _ .12.60 

Adeline, 0.80 mile west of ; road crossing, top of raiL 16.8 

Adeline, 1.40 miles west of station; road crossing, top 

of rail .- „..„.18.3 

Adeline, 1.46 miles west of ; telegraph pole, south of track, 

spike in base of. „16.32 

Adeline, 2.44 miles west of; telegraph pole, south of track, 

spike in base of _ 12.77 

Jeanerette, 2 miles east of; road crossing, top of raiL ...17.7 

Jeanerette, L91 miles east of; telegraph pole, spike in 

base of _. „14.93 

Jeanerette, 1.20 miles east of; road crossing, top of rail....l9.7 
Jeanerette, 0.82 mile east of; spike in base of telegraph 

pole, south of track, near eastern city limits 18.34 

Jeanerette, 0.9 mile east of; road crossing on parish line . 

(Iberia and St. Mary parishes), top of rail .19.8 
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Jeanerette, 0.8 mile east of ; 30 feet east of highway, on St. 
Mary-Iberia parish line, 45 feet north of north track, 
iron post stamped "17 LA"„ ,., 17.351 

Road crossing, top of rail ......19.4 

Jeanerette, in front of station; south side of track, tele- 
graph pole, spike in base of. 17.71 

Jeanerette, in front of station j top of rail. 18.7 

Jeanerette, 0.3 mile west of station ; road crossing, top of 
rail „ „. .18.6 

Jeanerette, 1.10 miles west of; road crossing, top of rail 19.3 

Jeanerette, 1.25 miles west of; telegraph pole, spike in 
base of .„ 17.08 

Jeanerette, 1.1 miles west of; 57 feet south of railroad 
track, 45 feet west of center of highway, near fence, 
iron post stamped "17 LA".„ ..16,785 

Jeanerette, 2.30 miles west of; crossing of Narrow Gauge 
Plantation Aailroad, top of rail , 20.9 

Jeanerette, 2.4 miles west of; spike in base of telegraph 

pole A6.96 

Olivier, 3.2 miles east of; station; south of track, spike is 

base of telegraph pole 16.35 

Olivier, 2.1 miles east of; south of track, spike in base 

of telegraph pole — 17.15 

Olivier, 1.1 miles east of; railroad drain; 8-penny nail in 
top of plank at south end of. 18.04 

DELCAMBRE QOADRANGL.E, 

Olivier, 0.2 mile east of station ; crossing of Narrow Gauge 

Plantation Railroad, top of rail 21.8 

Olivier, in front of; telegraph pole, spike in base of .20.06 

Olivier, in front of station ; top of rail .21.6 

Olivier, 54 feet west of station; 25 feet north of north 
track, iron post stamped "Prim. Trav. Sta, No. 29," 

"21 feet LA" erroneously stamped 19.442 

Olivier, 0.9 miles west of station ; south of track, telegraph 

pole, spike in base of..... ..,18.37 

Olivier, 1.70 miles west of ; road crossing, top of rail 21.5 

Olivier, 1.87 miles west of station; south of track, spike in 

base of telegraph pole _.. 17,50 
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New Iberia, 2.75 miles eaat of ; 225 feet west of highway 
crossii^, 57 feet south of south track, iron post 
Btamped "17 LA" 16.939 

I^ew Iberia, 1.5 miles east of; city limits, road crossiag, 

top of rail 21.0 

New Iberia, 1.5 miles east of ; south of track, 450 feet east 

of mile-post 124, spike in base of telegraph pole 18.97 

New Iberia, 1 mile east of; road crossing, top of rail 21.0 

.^^ NEW IBERIA QDADBANGLR. 

New Iberia, 1 mile east of ; road crossing, top of rail 20.5 

New Iberia, 0.5 mile east of; spike in base of telegraph 
pole north of railroad at junction Weeks and East 

Washington streets , 18.35 

New Iberia, U. S. Post Office Building, in face of founda- 
tion at right of main entrance, aluminum tablet 

stamped "23 LA" 23.236 

New Iberia, water plug jiist east of station; top of bolt in 

northeast comer of base, painted white 21.12 

New Iberia, in front of station ; top of rail 20.0 

New Iberia, water tank opposite station ; 55 feet east of and 

100 feet south of track ; iron post stamped " 27 L A t ' '„19.059 
(Notes say this is stamped "27," but it is probably incorrect.) 
New Iberia, 0.9 mile west of station; south of railroad, 

spike in base of telegraph pole 22.73 

New Iberia, 1.70 miles east of; road crossing top of rail — 23.4 
"Segura, 0.8 mile east of; south of track, at base of tele- 
graph pole, nail in peg _. ™..., 21.10 

^egura station, 0.10 mile east of ; road crossing, top of rail_27.9 

Segnra, in front of station ; top of rail _„. 28.5 

Segura, 0.13 mile west of; north of track, spike in base of 

telegraph pole „„ . 26.78 

"Segura, 600 feet west of station; in southwest comer of 
yard, 70 feet north of S. P. R. B., iron post stamped 

"28 LA" - ™- 28.362 

Segura station, 0.26 mile west of; road crossing, top of rail.30.60 
"Segura, 1.2 miles west of station; sonth of track, spike in 

base of telegraph pole ™__26.89 

Segura, 1.9 lailes west of ; road crossing, cattle guard No. 
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131 A-B, top of raiL- 



Bnrke, 0.06 mile east of station ; spike in base of telegraph 

pole 29.54 

Burke, 28 feet north of track; 20 feet east of public high- 
way, iron poet stamped ' ' 27 IiA ' ' { erroneously 

stamped) 27.999 

Burke, in front of station ; top of rail 30.20 

Burke, 0.89 mile weot of ; spike in base of telegraph pole 25.71 

Burke, 1.59 miles west of; road crossing, top of rail 27.8 

Cade, spike in base of telegraph pole 29.92 - 

Cade station, in front of; top of rail 30.7 

Duchamp station, 165 feet east of; north of track, spike in 

base of telegraph pole 33.47 

Duchamp, 20 feet east of highway; 25 feet north of track, 
iron post stamped "Prim. TraT. Sta. No. 32," "33 

LA" 33.167 

Duchamp, in front of station; top of rail , -35.7 

Duchamp, 0.5 mile west of ; road crossing at cattle guards 

135 D-E 36.0 

Duchamp, 1.33 miles west of; south of track, spike in base 

of teleg/aph pole 28.68 

Duchamp, 1.5 miles west of; road crossing at St. Martin- 
Lafayette parish line 34.6 

BiUeaud Sugar Mill, 0.71 mile east of; spike in base of 
"block signal line pole". 



BiUeaud Sogar Mill, top of rail at road creasing and sta- 
tion ™™ 34.1 

Billeau'l Sugar Mill, about 500 feet west of ; spike in west 
tie under switch stand, 1.5 feet south of switch lock, 
near cattle guard, 138-A™. 34.71 

Billeaud Sugar Mill, 500 feet west of; 30 feet north 

of track, iron post stamped "35" - 35.325 

Billeaud Sugar Mill, 0.90 mile west of; road crossing at 
cattle guard 138-D „_ 35.6 

Billeaud Sugar Mill, 1 mile west of ; road crossing, top of 
rail 36.7 

Broussard, station, telegraph pole, spike in base of 37.63 

Brouasard, 30 feet east of station ; 25 feet south of track in 

comer of yard, iron post stamped "37 LA" 36.878 
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Broussard, in front of Btatiou ; top of raiL„ 



BroQssard, 1 mile west of; Boath of track, spike in base of 

telegraph pole ..54.62 . 

Brouaaard, 1.72 miles west of; 450 feet west of mile-post 

140, apike in base of telegraph pole. 30.79 

Landry station, top of rail 34.0 

Landry P. 0., 0.61 mile west of; signal tower No, 1424; 

battery box, top of etaap on east end of east box _„.36.99 

Landry, 0.61 mile west of ; road crossing.. 37.2 

Landry station, 0.61 mile west of ; 18 feet north of track, 
public highway, 20 feet west of; iron post stamped 
"36 LA" „..„..36.64&. 

LAFAYETTE QUADRA NGLE. 

Lafayette, 2.23 miles east of; bridge No. 143 A, 450 feet 
west of; telegraph pole, spike in base of, south of 

track „. .-„ - 38.53 

Lafayette, 1.73 miles west of; road crossing, at cattle 

guard 143 C-D ^-.-- 30.7 

Lafayette, 1.18 miles east of; 265 feet east of road crowing, 

spike in base of telegraph pole. ..„30.79 

Lafayette, 1.18 miles east of ; public highway, 20 feet east 

of; 30 feet south of track, iron post stamped "36 LA ".35.797' 
Lafayette, 1.18 miles east of; road crossing, at Lafayette 

Sugar Mill^ „„. .35.4 

Lafayette, 0.80 mile east of; road crossing .38.3 

Lafayette, 0.60 mile east of ; road crossing .37.4 

Lafayette, in front of station ; top of rail 39.4 

Lafayette freight boi^e yard, southeast corner of, on Lin- 
coln avenue, iron post stamped "Prim. Trav. Sta. No. 
34, " " 39 LA " .,.„ „ ..„39.114- 

Lafayette via Southern Pacific Railway to Jennings. 

iafayette, 0.30 mile west of; road crossing 39.3 

Lafayette, 0.9 mile west of ; road crossing at cattle guards 

146 B-C -.-.... -- 41.7 

Lafayette, 1.5 miles west of; road crossing at cattle guards 

147 A-B -40.8 
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Iiafayette, 1.61 miles west of; telegraph pole south of track, 
spike in base of, 37.02 

Lafayette, 1.60 miles west of ; cattle gaard 147 B, 125 feet 
west, 48 feet north of track, in angle of road, iron 
post stamped "37 LA" 37.333 

Lafayette, 2.4 miles west of; road crossing at cattle guards 
148 A-B .-, - 41.4 

Lafayette, 2.62 miles west of; signal tower No. 1485, 230 

feet east of; telegraph pole, spike in base of ™.__.39.07 

Scott station, 2.80 miles east of; road crossing at cattle 
guards 148 D-E ,— - „40.0 

Scott, 1.86 miles east of; south of track, spike in bas3 of 

telegraph pole - ._ 35.21 

Scott station, 0.9 mile east of ; road crossing at cattle guards 
150 A-B ......37.0 

Scott station, 0.58 mile east of; signal tower No. 1505, 340 
feet east of ; soath of track, spike in base of telegraph 
pole - .34.03 

Scott station, section yard northwest of; in southeast cor- 
ner of; iron post stamped "36 LA" 36.410 

Scott, in front of station ; top of rail 36.2 

Scott, 1.1 miles west of; railroad track at mile-post 151; 
spike in base of east post .36.35 

Scott station, 2.1 miles west of; mile-pwt 152, spike in 

base of ...; „ _ .-32.16 

Duson, 2.11 miles east of; mile-post 153, 200 feet west of; 

south of track, spike in base of telegraph pole 33.22 

Duson, 2 miles east of; road crossing at cattle guards 
154 B-C 37.1 

Duson, 1 mile east of ; 12.5 feet south of track, opposite 

mile to sta. post, iron post stamped "33 LA" 32.872 

Buson, in front of station; top of rail — ..37.1 

Duson, northwest comer of station, 25 feet west of; 50 feet 
north of track, iron post stamped "No. 36 — 35 feet — 
LA ' ' - - ....35.217 

Duson, 1 mile west of; mile-post 156, 720 feet west of; 

spike in base of telegraph pole„ — 30.410 

Duson, 1,6 miles west of ; road on parish line, top of rail — 35.0 

Duson, 1.6 miles west of ; 20 feet west of public highway. 
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15 feet Bouth of tract, iron post stamped "32 liA" 32.17* 

Bayne, 2.48 miles east of station ; spike in base of telegraph 

po,e 29.78 

Rayne. 1.06 miles east of; south of track, spike in base 

ol telegraph pole Z1.5& 

CHOWLEY QUADRANQLB. 

Rayne, 0,40 mile east of; at crossing of 0. G. & N. R, R., 

top of rail 35.8 

Rayne, in front of station ; top of raU : 35.6 

Bayne, se itton yard northwest of, southeast comer of; iron 

post stamped "No. 37, 32 LA". 31.67* 

Eayne. 1.45 miles west of; south of track and near signal 

tower, spike in base of telegraph pole 27-65 

Rayne, 2.63 miles west of ; mile-post No. 163, 480 feet east 

of; south of track, spike in base of telegraph pole... 25.36- 

Kayne, 3.10 miles west of; road crossing at cattle guards 

164 A-B 28.4 

Rayne, 3.7 miles west of station; road crossing 27.3 

Rayne, 3.71 miles west of; public highway crossing, 12 feet 
east of; 12 feet south of track, 90 feet west of mile- 
post 164, iron post stamped "25 LA" 25.189" 

Crowley, 2.5 miles east of; spike in base of milepost 165 23.23 

Crowley, 1.3 mJL's east of; spike in base of mile-post 166..21.70 
Crowley, 0.8 mites east of; crossing of Avenue J with S. P. 

R. R., top of rail -.„ 24.10 

Crowley, in front of station ; top of rail 23.8 

Crowley, crossing of Parkinson avenue, 40 feet west of; 
24.5 feet south of track, iron post stamped "No. 38, 

24 LA" -^ 23.760- 

Crowley, 1.16 miles west of ; mile to station post (near mile- 
post 168), spike in base of™ 21.29 

Crowley, 1.2 miles west of; road crossing, top of rail 23.0 

Crowley, 2.2 miles west of; north right of way line of 
.track (opposite mile-post 169), iron post stamped 

"19 LA" ^ 18.610. 

Crowley, 3.41 miles west of; highway crossing, 100 feet 

west of; spike in base of telegraph pole _-__. 18.46- 

Crowley, 3.41 miles west of ; highway crossing, top of raiL..20.7 
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Crowley, 4.17 miles west of j mile-poat 171, spike in base of .15.18 

Estherwood, 1.15 miles east of ; road crossing 19.4 

Estlierivood, 0.85 mile east of; mile-post 172, spike in 

base of 16.39 

Estherwood, in front of station, 33 feet north of track, iron 

post stamped "17 LA"_ „„ 16.48* 

Estherwood, in front of station ; top of rail 19.4 

Estherwood, 0.45 mile west of; road crossing 20,0 

Estherwood, 1.6 miles west of; spike in base of telegraph 

pole —. - -17.0 

Midland, railroad crossing, telegraph pole in soulhwest 

angle, spike in base of _„15,25'' 

Midland station, railroad crossing, top of rail,..„ 19.3 

Midland, 400 feet east of station; main line S. P. E. R., 35 

feet south of; iron post stamped "14 LA" 14.351 

JENNINGS QUADRANGLE. 

Midland, 1.2 miles west of; signal tower No. 1762; 400 feet 

east of, telegraph pole south of track, spike in base of„15.52" 

Midland, 1.5 miles west of; top of rail at road crossing .19.2 

Midland, 2.5 miles west of; road crossing at cattle guar's 

178 B-C -. 16.9 

Mermentau, 2,4 miles east of; spike in base Ci' telegraph 

pole __._ 15.27 

Mermentau, 1.7 miles east of; road crossing, top of rail 18 

Mermentau, 1.3 miles east of; mile-post 179, 135 feet east 

of; 60 feet north of track, iron post stamped "10 

LA" _- .._- 10.39r 

Mermentan, 0.6 mile east of ; road crossing, at catti'^ gua rds, 

180 B-C 16.3 

Mermentau, top of rail at station 16.8 

Mermentau, 190 feet west of; 35 feet south of south rail, 

iron post stamped "No. 41, 13 LA"- 12.773; 

Mermentau, 0.5 mile west of; signal tower No. 1808; 250 

feet west of ; spike in base of telegraph pole. — ---13.39 

Mermentau, 0.7 mile west of; road crossing at Silverwood 

Grocery store „ : 17.2 

Mermentau, 1.7 miles west of; mile-post 182, 175 feet east 

of; spike in base of telegraph pole 11.88- 
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Mermentan, 2.8 miles west of; 400 feet east of road cross- 
ing ; south of track, spike in base of telegraph pole 17.70 

Jennings, 2.25 miles east of ; public highway crossing, 25 
feet east of, 65 feet north of track, iron post stamped 
"18 LA" ™. 18.284 

Jennings, 2.25 miles east of; road crossing. „ „.. 21.1 

Jennii^, 1.1 miles east of station ; 180 feet east of station 

mile-post, spike in base of telegraph pole 19.48 

Jennings, in front of station ; top of rail 30.1 

Jennings (old station), 300 feet west of; 55 feet south of 
track, 14 feet west of sidewalk, iron post stamped ' ' No, 
42, 29 ft. LA" „ „ ...29.01U 

Jennings, 0.40 mile west of ; signal tower No. 1818, 115 feet 
west of; 25 feet north of track, iron post stamped 
"25 LA" ..25.385 

CO-OFEKATIVE WORK IN PRIMARY TRAVERSE. 
(Notes fnnushefl by the Compnting Division U. S. Geol. Surrey.) 

AbbevUle, Calumet, Crowley Delcambre, Jeanerette, Lafayette, 
Jennings and New Iberia Quadrangles. 

Acadia, Iberia, Lafayette, St. Martin, St. Mary and VermiUon 
Parishes. 

The following geographic positions were determined by pri- 
mary traverse by Mr. L. E. Tucker, topographic aid, in the fall 
of 1906. The line begins with the position of the Pilgrim Baptist 
ehureh at Morgan City, as given by the TJ. S. Coast and Geodetic 
Survey, and follows the Southern Pacific Railroad to New Iberia, 
thence cheeking back along the same route, at Morgan City. Prom 
New Iberia the line continues along the Southern Pacific Rail- 
road via Lafayette and Crowley to Midland. Prom Midland the 
line follows the Louisiana & Western, Iberia and Vermilion 
branch of the Southern Pacific Railroad south and east via 
Gueydan and Abbeville, cheeking at New Iberia. A line was 
also run along the Southern Pacific Railroad from Midland to 
Jennings, checking back at Midland. This work was done by 
the U. S. Geological Survey in co-operation with the State of 
Louisiana, the latter being represented by Prof. G. D. Harris, 
in charge of the State Survey. 
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caldubt quadbanole. 

Osographic Positions Along ths Southern Pacific BaUroad Be-- 
tween Morgan City <md Lafayettt, . r!^ : 



stations— 



LONGITUDB. 



Horcui Clt7, PUgrlm Saptirt Church, 

Uorftan City. In nortbweit corner of 
the Horstn City Catholic Chnrch 
jsrd, 88 fMt north of northwest cor- 
iier o( cbnrch, Iron post stamped 
"Prln. Trav. Sta. No. 28, 1908, 
LA" 

lAKonda station, road crosalng ,.. 

PatteraoD station, 1 mile east of; road 

PattaraoD stttloD, road croaalng 

Calnmet atatlon, rail apposite ticket of- 

Cklnmet statloit, TB iMt east of sta- 
tion platform, 27 feet north of Sooth- 
eni Paelfle Ballroad, Iron post 
ttamped ■'Prim. Trav. 8ta. No. 24, 
1908. U" 

Becohoe water tajik, point on rail oppo- 

Becohoc water tank, 2.4 miles norUi- 
wegl of ; road eroMlng 

Baron Sale atatlon, point on call oppo- 
site ticket oOce 

n M i' ■••■>■.: !__, 



41 


S4.S8 


91 


12 


28.18 


a 


85-.U 


!! 


JS 


'4:S 


40 
41 


46.61 
18.29 


91 
91 


17 
18 


S4.S3 
26.63 



FS.22 
28.28 



91 21 ee.8» 



ST. 12 
20.80 



OBAin> liASB QUADRAKOLB. 



8TAT10HB— 


LATITDDB. 


LONOITUDH. 




29 

29 

29 
29 


46 
4S 
4S 
46 


05.73 
88.20 
06.72 


91 
91 


27 
28 
28 
29 




°'X"£g,-?r;r.'"'.».~:.''."?rt 

Garden City station. 0.9 mllea north- 


08.06 


Qarden Cl^ station, 2 miles aorthweat 
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JEANEBETTB QUADOANOLE. 



STATIONS— 



LOKQITDDB. 



FrankllD sUtlon, set on west aide of 
Bouthem Pacific Railroad, tn aectiDn 
bouse yard SO.H feet Bontbircit of 
station, 60 feet west of track. Btaiitr- 
ard bench-mark post atamiied "Prim. 
TraT. Sta. No. 88, 1B06, I^" 

FrttnkllD, crowlns of railroad and 
New Iborla itreet 

Franklin atatlon, 2 miles northwest of; 
railroad croaglng 

Baldwin station, polot on rail oppo- 
site ticket office 

Baldwin station, 100 feet northwest 
of ; 26 feet west of center of blgb- 
wa;, 15 feet south of awltch. Iron 
post stamped "Prim. Trav. Bta. No. 
26, 1008, IA" 

Baldwin station, 3.6 miles northwest 
ol : road crosslns 

Adeline station, point on track oppo- 
site ticket office 

Adeline station, 220 feet west of; 20 
feet north of track, iron post 
stamped "Prim. Trav. Sta. No. 27, 
1906, LA" 

Adeline station, l.T miles northwest of; 
road croBsIng 

Abavlla plaDtatJon reflnsrr, road cran- 
ing oppoalte 

Jeanerette station, croaslns of railroad 
and St. Peter's etreet. line between 
8t. Mar; and Iberia parishes and 
city limits ot Jeanerette 

Jeanerette station. 0.8 mile eeat ot : 
at citj llmlta. IS feet nortb of north 
track and 30 feet east of center ot 
hlgbwaj which Is Bt. Mary-Iberla 
parish line, Iron poet stamped "Prbn. 
Trav. 8ta, No. 28, 1006, LA" 

Jeanerette station, point on rait oppo- 
site ticket office 

Jeanerette station, 1 mile northwest of; 
road crossltig 

Lolsel Sugar Plantation, tram toed 
crossing 



41 


26.24 


91 


SO 


2i -^i 


47 


61.50 


91 


80 


60 ti 


49 


10.40 


01 


S2 


09. CS 


BO 


08.62 


91 


88 


07.76 


50 


08.87 


91 


83 


00.88 


ei 


50.22 


91 


84 


40.82 


G3 


B2.08 


91 


36 


81.80 


83 


83.88 


91 


B5 


34.08 


68 


09.60 


91 


88 


43. GS 


64 


15.00 


81 


S9 


11.17 



o0.64 
11.78 



DBLCAMBBB QDADBANGLE. 



BTATI0M8— 




LOKQITDDB. 



Olivier station. 64 feet west Of; 25 
feet north of track. Iron post stamped 
-Prim. TraT. Bta, No 20, 1008, 
LA" 

Olivier station, point on rail opposite 
ticket office 

OllTler station, 1.8 miles northwest ot; 
road croBtIng , . 

Kew Iberia, at •onth edge of; road 
crossing, at city limits 



SS.M 


91 


46 


18.40 


S1.S4 


01 


4B 


17. S4 


18.12 


SI 


« 


BS.n 


42.M 


81 


« 


08.08 
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Geographic Positions Along the Southern Pacific EaUroad(Loi 

iana Western, Iberia and Vermilion Branch) 

Between Delcambre and New Ibearia. 



BTATIONS— 




LONorrDoa 



Dclcambra atatlon, od «ait aide of roojl 
CTDulns on Iberla-Vcrmlllon parlBh 
llDG, SB feet north of track, SB feet 
weal of hlgbiray, icon pott ituaped 
"Prim. Tnit. 8t«. No. «, IWW, 
LA" 

Delcambrs atstloii, toad croaaliiB on 
Iberla-Termlllon nrtah line 

Bob Acrea, Jolt weat o(; load i iiiwaliiii 

Lee atatlon, 1.8 mllea weat of ; road 
croaalng 

Lee atatlon, road croaalns 

Bjnella station, road croaalns 

Tecia atatlon, point on rail oppoalte 
station algn 

Teria atatlon, oppoaita abitlm rfgn, SO 
(eet Bouth ol tnck, Iron peat stunped 
-•Prim. Trat. Bt«. Ho. 4t, IBM, 
LA" 

Ulle-poat 4, road cTosalllg 

Terla station, 3 mllea ea«t ot: road 
eroBslng 

P n < ;■■=!■;;■■!- t n ■ I 



02.48 
SO. 80 



ST. 21 
46.88 



CROWLEY QUADBANGLE. 



8TATI0NB— 



LONOITUDB. 



Bayne atatlon. In aontbeaat comer of 
aectlon boBae jard. SO feet aoctb of 
track, 8 feet mslde of Fence corner, 
]nat back of red tool bouse. Iron post 
stamped "Prim. Trav. Sta. No. 87, 
1S06, LA" 

Barne station. 2 miles west of ; private 
road croaaing 

mie-poat 164, road croaatng 

Hunter KIce UI11. road croaalng east of 
T. 10 S., R. 1 B, Seca. 8 and 4, nortb 
comer of 

Crowle; station, about 126 (eet soatb- 
weat of; 40 feet weat of center of 
Farkeraou avenue, 24.5 feet aoutb of 
center of main track. Iron post 
stamped "Prim. Trav. Bta. No. 38, i 
1906, LA" 

Hlte-poat 168, road crossing | 

Crowley, 3,4 mllea west of; road cross- , 

Bstberwood, 1 mile east of; road cross- 

Katberwood' Vtatlon, ' Bs' 'feet ' north of 
track. Iron post stamped ■■Prlm. Trav. 
Sta. No. 39, 1906, LA" i 

Midland station, croaalng of rallroada, I 
486 feet eeat ot ; 35 feet south of i 
tracka. Iron post stamped "Prim. 
Trav. Sta. No. 40, 1906, LA" ! 

Uldland station, road crossing (Sontb- ' 
em Paclfle) 



oa.is I 

18.4^ 
03.52 



80 10 B8 . 1 



30 10 61.00 



10.38 

11.62 
42.68 



17.64 
48. SB 
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Qeographic Positions Along Southern Pacific BaUroad (Louis- 
iana Western, Iberia and VermiUon Branch) 
Between Midland and Kaplan. 



STATIONS— 


LATITUDB. 


LONGITDDB. 


Hor«« sUtlon. point on rail oppotlta 


30 

30 
30 

80 

SO 
SO 
30 
80 
20 

29 
20 


07 

06 
00 

00 

00 

00 
00 
00 
SB 

69 


2S.61 

IS:S 

20.20 
20,81 

20.08 
22.SS 
28.40 
25.08 
19.18 
M,17 

B3.75 
27.37 


02 
02 

0? 

02 
02 
02 
02 
OB 
02 

S2 
02 


2» 

20 
24 

24 
28 
22 
20 
18 
17 

17 




T. 11 L E. 1 W.:'^m"er';4^'B:'6;'7 




Wrlsbt poatofflce. roftd crosalni 

T. 12 8., B- 1 W.. comer aeci. 11, 12, 

T. 12 S-, 11. 1 E. MCB. 7'w.d'i8,'T.'i! 
S.. a. 1 W., >ecB. 12 and 13, corner 
of, crosBroadB 

MulTc; flag ataClou, 4S feet aonUi of; 
set on eut side or railroad, 00 teet 
west of road croBBlns. Iron poat 
Btamped ■Trim. TraT. 8W. No. 4S, 


42.40 
42.28 


Mulver Rtatlou, 1 mile eaat or; road 


00 40 










Kaplan sUtlon, i.lS milea vert of; TMd 

Kaplan alation.' point'on raii'oppoalM 
BtaHon wmapWe 

Kaplan station, opposite station lema- 
phore. 45 feet Boutb of track and 
IS feet east of teleKrapb pole. Iron 
poBt stamped _^' Trim. Tray. Sta. No, 


82. 4S 
OS, 40 


Kaplan station, 1.8 mliea east of; iirl. 









JENNINGS QUADBANGUB. 

Geographic Positions Along Southern Pacific BaUroad Between 
Midland and Jennings. 



STATIONS— 




LATITDDB, 


LONGITUDE. 


Midland station, 2.H miles west of; 
Mermentau BtatloQ. 1.8 miles east of; 


30 
30 

30 
30 

30 


10 
10 

11 

11 

13 


49.42 
40.84 

20-60 
23.04 

17.72 


B2 
02 

02 
92 

92 


32 
33 

35 
35 

39 


31.44 


Mennentau station, ISO feet weet of; 
85 feet BoutU of north rail. Iron post 
stamped 'IPrlm. TraT. Sta, No. 41, 




and Acadia- Calcasieu parish line.. 

JennlDss station, on sonth side ot 

Southern Paclflc Railroad, on wert 

aeneer station. 10 feet weat of bM«- 
valk and 56 feet soutb ot main line 


22.70 
31.72 
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■Qeographic Positions Along Southern Pacific Railroad (Louis- 
iana Western, Iberia Branch) Betiveen Bayou 
Queue de Tortus and Gueydan. 



STATIONS— 



' LATITHDH.' ' 


o ' 




SO 04 


08.71 


30 03 


41.96 


80 01 


3S.34 


80 01 


36.34 


80 00 


49.78 



LONQITUDB. 



Sayou Queue de Tortue, east end at brLdice 

over; AcadU'Tecmllloii pBrlah Hdb. . 

aayou Queue deTortQe. 1. J miles south of: 

irTigatlon c&nal 

'IneydftQ. at&tloti, point OD rail oppo- 
site Bem&phote 

GnejdftQ station, opposite atatlon ■em&- 
phore, 3S feet weat ot aonth rail of 
main track, Iroo post ataniped "Prim. 
Tra». Stft. No. 44, 1906, LA" 

'Cneydan station, 0.9 mile sonth of; 
road cro««iit8 (46 B C) 



19.83 
60.74 



02 SO 49.61 



ABBBVILLB QUADRANQLiE:. 

geographic Positions Along Southern Pacific Railroad (Louis- 
iana Western, Iberia Branch) Between Nunez 
Station and Erath Station. 



STATIONS— 



LATITUDE. 



liONGITODH. 



Nnnei statloD (pogtoffice), road crou- 

Ing 

Iiastle station, point on raU opposite 

sectton booM No. 40a 

Idutla Btatlon, 0.9 toile eut of; road 

crossing (26 B C) 

Abberllle station, BS feet west of; 29 
feet nortb of track, Iron jKMt stamped 
■■Prim. Ttbt. Sta. No. 417 1906, LA". 

-Cotton gin, road crosslnK 

Yoooga atatlon, road crosalDs 

-Gross Isle atatlon, road crossing 

Arlitlde's BWltcb, road croaslnr 

Kratb 11811011, ST70 feet east o(; road 



63.18 
48.32 



37. 6B 
18.12 
27.40 
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IfEW IBBRU QDADBANGLB. 



STATIONS— 



New Iberia Btatlon, Dolnt on rail oppo- 
■Ite ticket offlcB .VT. 

New Iberia Btatlon, 105 feet west of 
water standplpe and CG feet loiitli of 
railroad watertank. Iron poet Htamped 
"Prim. Tray, 8U. No. 0, IftW, 

Bagura atatlon, point on rail oppoaiu 
■tatlon «lgn pott 

Burke, I mile soutb of: road cronlng. 

Burke station, on east side of railroad 
28 feet from same and on south side 
of road at comer of road and rail- 
road right ot wa7 fence, 100 (est 
■oatheoBt of Btatlon, Iron post 
Htamped "Prim. TraT. 8Ul. No. 81, 
1»06, LA" 

Burke station, S80 fe«t northwe^ of; 
croaslnK of Ib«la-Bt Hartln parlab 

Cades station, point on rail opposite 

tmchamp rroaaliig Ktatlon, on soatb- 
west corner of road, 3G feet nintb of 
track. Iron post atamped "Prim. 
Trav. Sta. No. 82, 1806, LA" 

T. 11 S., B. 5 H. (southwestern dis- 
trict La.), comer sect. 41, 12 and 42 

Dacbamp station, 1.6 mites northwest 
of; Lafarette-Si Martin's parish line. 

Blllsaud switch, road crosslQs 

Broossard station. In northeast comer 
of section boose ;ud, Iron post 
■tamped "Prim. Trav. Bta. No. 88, 
100«, LA" 

Landrys switch, point on rail opposite 



LONQITCDB. 



00 88.49 



08 44.8 
08 B2.8 



80 OS 06.28 



SO 10 88.00 



01 49 2D.40 



01 B2 D8 .84 



OO.fifr 

oe.2i 



0B.2S 
21. 2T 



42. 7» 
03. B5. 



LAFAYETTE QUAD&ANOLB. 



STATIONS- 



LATITUDE. 



LONGITUDE. 



Landrys switch. 2.3 miles nortbwect 
ot: road crossing 

Lafayette atatlon. In northwest corner 
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PKEPATORT REMARKS. 

The salines of Nortli Louisiana have long been known. Even 
before the advent of the white man, Indians used to resort to 
these places to obtain their salt. In colonial days, salt from the 
salines supplied but a local demand. During the Civil War, 
however, when communication between this and distant lands 
was well nigh cut off, the salines became of great importance and 
were made to yield thousands of tons of salt annually. When 
peace was again established and conununication became easier 
and easier by ever increasing railway facilities, salt was im- 
ported, and the old salines lapsed Into insignificance. Again tlie 
tide should turn and North Louisiana should become one of the 
important salt producing districts of the world. Now we know, 
what two years ago could only be surmised, that beneath some 
if not all of the salines occur vast masses of rock salt, hundred* 
if not thousands of feet in thickness. 

In South Louisiana, at Petite Anse, the drill shows 2263 feet to 
be the thickness of the superficial lens of salt ; but after 70 f«et 
of foreign matter are passed the drill again enters rock salt of 
unknown thickness. Engineer Bradford at this place writes; 
"I estimate the salt deposit actually located to amount to about 
2,000,000,000 tons," A very similar salt mass is known to occur 
beneath Grande Cpte. On Cote Carline the driU entered salt at 
334 ft. and continued in salt without change till drilling ceased 
at a depth of 2090 ft. Belle Isle has its underlying mass of salt 
as well as sulphur and oil ; so, too, has Anae-la-Butte. 

While the new commercial South is awakening to an appreci- 
ation of its vast and almost untouched natural resources; while 
drilling and mining methods are improving and perfecting; 
while the oceans are being united at Panama; while the Mis- 
sissippi is being looked to as a feasible channel for sea-going 
vessels; while the number of inhabitants of this country is 
rapidly increasing; while new uses and new demands for salt 
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are constantly multiplying; no one can claim to have but the 
faintest idea of the true value of the huge masses of pure rock 
salt stored away beneath the "islands" and salines of Louisiana, 
With complete assurance as to a satisfactory amount of salt 
in Louisiana, one naturally turns next to questions of quality, or 
rather comparative quality, best methods of winning, transporta- 
tion rates, domestic and foreign markets, production of foreign 
countries, import, export duties, etc. No one volume could 
contain all the information that one might feel the need of in at- 
tempting to develop on a lai^e scale the salt industry of Louisi- 
ana. It is hoped, however, that the references given in this 
Bulletin, together with the very brief, sketchy remark that 
appear in the text may serve as a gnide to where information 
relating to any phase of the salt industry of the world can be 
obtained. In German and in French there are works that cover 
somewhat this same ground. The geological occurrence of salt 
at different localities is, however, often very indiflferently stated. 
We have found no recent English work on the subject. 
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CHAPTER I. 

SALT IN rX)UISIANA, WITH SPECIAL BEPBBENCE TO 
ITS GEOLOGIC OCCUEBENCB, 



BY G. D. HARRIS. 



Details of S(Ut Mines and Salt Prospects in Louisiana and 
Southeast Texas. 

Past I : Localitiea where aalt is now being mined. 
Oband CStb (weeeb i8Lun>.) 

Location, Size and Form. — This island, so-called, is located 
on the eastern shore of Weeks Bay, an eastern lobe of VermillioQ 
Bay. Its general position relative to the other "islands" can be 
weU seen by consulting PI. XXIY of this Bulletin, or better stil], 
by turning to PI. XVII of Bulletin No. 3, opposite p. 17. It is 
easily reached by rail, by leavii^ the main line of the Soothem 
Pacific at Franklin or Baldwin, taking then the Cypremort 
branch to the west. Although styled Grande C6te on account of 
its great size, it is scarcely two miles in diameter. Its form and 
height are shown on PI. XIII of this report. 

History of Mining Operations. — According to Veateh's Report 
{'99), prospecting for salt was begun in March, '97; salt was dis- 
covered in July of the same year and in March, '98 the Myles 
Salt Company was organized ; and, after more prospecting with 
the drill, in July, '98, the location of a shaft was determined 
upon. This shaft had reached the salt at the time Veatch visited 
"the island. One hundred feet of 10 ft. tubular casing were used 
in sinking the shaft to the salt mass. Below this, in Jaly, '01, 
work was begun sinking a rectangular shaft into the rock salt 
In March, '02, the 600 ft. level was reached and tunnels east and 
west were being driven. Thp extrpme depth of the shaft is 645 
feet., , For further details regardipg the mine and mining oijer- 
aUon, see below. ■'■.•■ 
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Geology.— This is a typical salt "island." Its geology ao far 
as we are able to make out, is entirely dependent upon the great 
mass of rock salt forming beneath its few feet of superficial 
sands, days and gravels.' >.aturally, where very recent, uncon- 
solidated sands and clays constitute the superficial beds in a 
region not remarkably rugged, there are very few good outcrops. 
When the streams out down the soft, yielding materials, thu 
banks cave and the typical V'^haped valley is ever maintained ; 
rank vegetation soon blankets what might otherwise be a tem- 
porary outcrop. It is evident, however, that the uppermost bed 
on the island is of loamy clay, of a generally yellowish hue. 
This ean be seen well about the Weeks residence and on the 
road to the Sugar House, going from the Salt Mine. Again, the 
records of 44 wells usually b^in with clay, varying from a few 
feet up to 60 or more in thickness. In the ravines about one- 
fourth of a mile to the northeast of well No. 13, beds lower down 
in tlw scale may be seen. These consist of sands, often highly 
ferruginous, ehert pebbles in sand, and gray sandy clays, all 
tilted up at various angles and directions. The various well 
seationS given below, it will be noticed show gravelly and sandy 
layers sometimes several hundred feet thick. When salt is met 
witii, it is apt to be inunediately overlain with a few feet of elay, 
though this is by no means always the case. 

The salt mass of this island comes nearest the surface in the 
vicinity of the mine, slopes very abruptly to the west and south, 
more gently to the east, and but slightly to the north, being but 
275 ft. down at well No. 4 in the vicinity of the Weeks resl- 

denee. 

Grpat irregularities are known to occur in the upper surface 
of the salt. Observe the ti^iegraphy shown by the green lines 
on Plate XIV. Note, toe, Iwot little there is in common between 
the mbior khI surface <3«tada and the irresBlMrities of the sorfaee 
at the salt mass. Still, too ntueh stress must not be laid on tluB 
poiai until more borhtgs h»Te been made in- aU parts of tlu island, 
borings, too, sufftei^itiy deep t» reach th« b»H wherever ii esiste- 

*CoiiauH B«ll. No. 1. R^t., "K, tor loaatkm of l»^noli marki a.n4 
the wtacilMiIfitf of a tide gagt tat the miriioM or aaeertamint t)t« nf* 
uid m&nner of (rowth of this Island's mass. 
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!'huB far we have little proof as to the cause of the irregularities 
f the salt mass. It might well be supposed that at some remote 
line the mass had been more elevated than now, even consider- 
bly above sea level. Rain water percolating through the over- 
' ying sands and clays would finally reach the salt and by dissolv- 
Qg it, huge underground channels anil finally caves might be 
ormed. These would soon be refilled owing to the unconsoli- 
lated character of the overlying beds, and finally very much dia- 
' urbed masses of clay and sand would cover in a very irregular 
nanner the much diversified surface of the salt. Subsequently, 
1, sinking of salt and all would liave to be postulated in order to 
bring the salt to its present lowly position — from 40 to several 
hundred feet below sea level. Another explanation seems to tu 
more probable. Note in PI. XXII the direction of "streakfl." 
These streaks, it may be said in passing, are not caused by any 
dark mbstance in tlie salt, but by the absorption of the rays of 
light by minute particles of seemingly clear anhydrite. Thu is 
proven first by dissolving some of the streak salt in fresh water 
and noting the ."sand," as the miners say, that settles at tha 
bottom, and again by chemical analysis as shown on p. 
To the south and east of the shaft these streaks show that the 
planes in which they lie are nearly vertical, and extend in a 
direction more or less parallel to the southern Sank of the salt 
■nass as indicated on Plate XIV. To the north and northeast of 
the shaft (Fig. 7) the strike of the streaks, if the expression be 
permissible, is various, but in a general way more or !<■(« 
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Fig. 7, plan of myles mine, showing direction < 



parallel, with the west flank of the salt mass. Whether these 
streaks he looked upon as indication of original bedding planes 
or as due to infiltration of anhydrite bearing solutions after the 
salt mass was more or less formed, it aeema to ns that all:lit'ii!;h 
they are most erratic in their behavior, twisting, folding and 
forming all sorts of figures, even circles, as seen in cross section, 



li 




VAKIOUS TYPES OP STREAKS SEEN IN MYLES SALT HDfK, 



Fig. S, their general directions, as stated above, more or lea 
parallel to the nearest flank of the salt mass, would indicate that 
the form of the mass has something in common with the forma- 
tion of the streaks. In other words, the salt mass was made in 
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somewhat its present shape, and its main conjuration is due 
accordingly not to the work of erosion or subterranean solu- 
tion.* 

Besides the planes of streaks just described there are planes 
of weakness in the salt mass running very nearly horizontally, 
horizontal joints as perhaps they may be called. When a drift 
has been undercut for some distance, the roof sometimes drops 
down in huge masses, leaving lai^ expanses of smooth, very 
nearly horizontal ceiling. These planes of weakness we do not 
interpret as indicating original bedding, but as having been 
generated by vertical pressure more or less after the manner of 
«Iafy cleavage. 

Before leaving the topic Geology we must insert the records 
of over 40 teat wells that have been put down on the island for 
the purpose of ascertaining the form, or topography of the upper 
surface of the salt. The exact location of these wells is indicated 
on the ground by posts bearing the numerals herewith affixed. 
WeU Sections on Orande Cote. 

1. Clay. 30 ft.: sand. 185; gravel, Ei; sand, 2E>; no salt. 

2. Band, 17E It.; no salt. 

8. Clay. 38 ft.; sandy clay, 100; gravel, 80 ft.; no salt. 

4. Clay, 20 ft.; sand and gravel, 240: clajr, IB ft.: salt at STG ft. 

5. Depth, IGO ft ; no salt. 

«. Sand and clay, 3SS ft.; no Salt. 

T. Clay, 6 ft.; sand. lOB ft.; no salt 

8. Clay. 25 ft; sand, 180; salt at SDG ft. 

a. Clay, 36 ft.; gravelly sana. l.S ft.; salt at 14T ft. 

10. Mainly sand, ISO ft. to salt. 

11. Clay. 10 ft.; sand, 170 ft.; no salt. 

12. Clay. 10 ft.; sand, 130 ft.; gravel, 22 ft.; salt at 162 ft 

13. Clay. 15 ft,; gravelly sand, 165 ft.; black clay, o ft.; salt at 196 ft'. 

14. Wind mil!, water well; clay, 10 ft; sana, 36 ft.; sravel, 15 ft,; 
no salt. 

16. Clay, IS ft: sand, 140 ft: salt at 158 ft. 

16. Sandy clay, 145 ft. to salt; salt for at least 600 ft. 

IT. Clay, 10 ft,: gravelly sand, 13B it; salt at 14B ft. 

18. About 150 ft. to a gravel bed 12 ft thick; salt at 162 ft 

1». Clay, 18 ft; sana. 210 ft.; no salt. 

ID. Clay, 16 ft.: sand, 194 ft to salt 210 ft. 

21 Deflnlte section not known: about 166 ft. to salt. 

11. Clay, 60 ft.; Hand. SO ft.; clay, 10 ft.; salt at 160 ft. 

«. Clay. IB ft: sand, 38 ft,; clay, 12 ft,; gravel. 10 ft,; sand, 20 ft.r 

gravel, 20 ft.: sandy gravel, 17 ft.; sand, 84 ft.: black clay, 4 ft.; 

salt at ItO ft. 
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Clay, le ft; aaad, 47 ft.; gravel, 30 It; sand. 66 ft.; iraTel. la ft.; 

salt at l&O n. 

Sand, 100 ft.; gravel, 10 ft.; aalt at 110 ft. 

Alternating sand and clay beds to 36 feet; sand, 131 R.; aalt at 

169 ft. 

Clay, 12 ft.; Band. 166 ft: salt at 177 ft. 
Gravelly clay, 216 ft. to salt. 
Clay, 26 ft.; sBAd, 187 ft.; aalt at US ft. 

Soil, 3 ft.; sand, 61 1-2 ft.; clay, 3 ft.; sand, 3T I-l ft.; clay, 6 ft.; 
salt at 88 ft. .(Hazlehuret's Section.) This la the Shaft secUoo. 
Clay, 17 ft.; sand. 104 ft.; salt at 121 ft. 

Ssud, clay, gravel, 2(0 ft.; sravel, 76 ft.; sandy, t>4 ft.; no salt 
at 919 ft 

EllKbty ft. to a Kravel bed 23 ft. thick; salt at 103 ft 
Clay, 33 ft.; sand and gravel, 100 ft.; salt at 131 ft 
Clay, 19 ft; sand and gravel, 88 ft.; salt at 107 ft. 
' Soil, 1 ft.; sand, 19 ft.; sand and sravel, 77 ft; salt at >T ft. 
Clay. 8 ft.; sand, 42 ft; eand and Ki&vel, 33 ft; clay, 11 ft; saad, 
1 ft.; salt at 101 ft 
and 39 not known to tha wrltsr. 
Yellow clay, S3 ft.; sand and gravel. 102 ft,; 
blue clay, 3 ft.; salt, 13S ft 

Yellow clay, iS ft; sand, 99 ft.; rock, 6 ft; 
ssJid, 4 ft.; blue clay, S ft.; ssit, 166 ft 
Yellow clay, 15 ft.; sand and gravel, 94 ft; 
salt, lis ft. 

Yellow clay, IS ft.; sand, 90 ft.; clay and gravel, 4 ft; sand, 10. S 
ft.; coarse gravel, 8 ft.; blue elay, g «.; salt, 138.8 ft 
Red clay, 45 ft.; sand, 60 ft.; blue clay, 30 ft.; sand, 10 ft.; blue 
clay, 10 rt: sand, 1 ft: salt, 1*6 ft. 



trace of sulphur; 




blue clay, 1 tL; 


;//' 


blue clay, 3 ft.; 
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Details of the Mine. — Under history of miniDg operatioiia we 
have given the date of the completion of the shaft. Before de- 
scribiDg the mining proper, attention mnst be given for a 
moment to certain details of the shaft. In this island as w«ll 
as at Petite Anse and Belle Isle, 
great difficulty baa been ex- 
perienced in making a water- 
tight joint at the place where the 
casing joins with the salt. Leav- 
ing aside fntile attempts, suffice 
it to Bsy that here the sucoess- 
ful manner of making this joint 
was as follows: After lower- 
ing the iron casing 10 ft. into 
the salt mass, the cylindric 
form of the shaft was continued 
downward for 35 ft. in the man- 
ner indicated by Fig. 9. That ■ 
is, first comes wood lagging, 3 
in. thick. Then concrete 1 ft. 
thick. Then at fairly even in- 
tervals, 4 rings of asphalt from 
3 to 5 ft. in height, and with 
bases 2 to 3 ft. thick. Moreover 
the surface of the salt was heat- 
ed by hand torches and painted 
i with asphalt everywhere. The 
heating was carried to such an 
extent that in some places the liquid asphalt penetrated &e salt 
mass to a depth of 12 inches. So far this joint has shown no 
ftiffus of leaking. 

Below the tubular laEging, i. e. below 13S ft. the shaft is 10 
ft. square. The total depth as stated above is 645 ft. 

The extent and rate at which mining operations have been 
o4rried on here can be gathered at once by examining Pig. 7 
and PI. XVI. 

fijnoe ld05 the entries est^iding northward from the Aaft 
Iwve beefi connected and the eastward pointing lobes w shown 
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in PI. XVI, have been greatly lengthened. To the north of the 
abaft the salt is more or less impure, to the west there is danger 
of soon running out of the salt into the overlying sands, hence 
ruining the mine ; to the east the salt is excellent and there appear 
to be no dangers ahead. 

Incidentally it may be noted that hereafter there ean be no 
difficulty ID ascertaining the exact position at the surface over 
any point'in the mine. For the writer determined astronomically 
the azimuth of a line running from the center of the shaft east- 
erly to a point just across the main road to the Sugar House said 
point being now marked by an iron post, This line runs east 
from south 83° 51'. By carefully suspending two plumb bobs 
as far apart as possible withib the shaft and io the line just 
described, it was found by Mr. Tibbetts and the writer that at 
the bottom of the shaft, the two plumb bobs indicated a line run- 
ning more easterly by 2° 2' than the base line in the main 
entry. Hence the direction of the main entry is S. 81° 49' E. 
Stakes on the surface in front of the office and on the hill beyond 
were set in such a manner as to indicate at the surface the direc- 
tion of the main entry line. Teat wells Noa. 40 and 41 are very 
nearly on this line. 

Mining" is here carried on by first undercutting, or blasting 
out triangular chunks of salt on the level with the floor of the 
mine, then blasting down layer after layer, so to speak, already 
undermined. The drills are worked by compressed air furnished 
by the compressors in the power house at the surface. The salt is 
conveyed to the vicinity of the shaft in small dump-ears drawn 
by mules over narrow-gauge steel tracks. At the shaft the salt 
is passed through the crusher and falls into a huge bin below. 

•Remark. — Doubt often arlBea aa to the size ot supporting plllora 
that should be left In a mine of thU kind. To ascertain eomethlng; as 
to the crushing strength of this ealt, the writer prepared .two 4-tiich 
cubes and subjected them each to a pressure ot 60,000 pounds, th« 
capacity of the small testing apparatus used, but neither showed aiiy 
signs of cracking or crushing. 

M. Tournaire, Inspector General of Mines, in 1886, tested aamplfls 
of rock salt from mines cloae by St. Nicholas and Varangeville, south 
of Nancy, France, and found that pure rock salt began to craclc under 
pressures ranging from 272 to 394 kg. per square centimeter (3,900 to 
£.gGO pounds per square inch), and. mas crushed under pressures rang- 
ing from S32 to 461 kg. per square centimeter (4.760 to 6,610 pounda 
per square inch). 'Ann. dea Mlnea, 1885. "Vol. T. p, 358 
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From this it is drawn ofE into a five-ton, self -dumping cage, that 
is capable of making a round trip, i. e. from the bottom of the 
shaft to the top of the mill at the surface and back to the bottom 
of the shaft in 4 minutes. The capacity of the mine then is about 
75 tons per hour or 750 tons for a 10-hour day. 

The mine ia lit by electricity. Ventilation is usually fair, but 
much less satisfactory than it would be if there were provided 
an entrance and an exit shaft for the air in distant parts of 
the mine. Fire damp or inflamable gases are practically un- 
known in this mine. 

In the engine room a pair of 20'x30' engines geared back 314 to 
1 turn an 8 ft. drum that winds up the cable lifting the cage. 
As usual with such machinery, there is a device so actuated by 
the motion of the engines that the engineer knows at every in- 
stant just where in the shaft the cage is, just when to stop the 
engines to bring the cage to the main floor, to the bottom of the 
mine or just when he must gradually bring the engines to a 
standstill while the cage is automatically dumping its cargo in 
the bins at the top of the mill. 

Besides these engines for hoisting, there are two air com- 
pressors for working the drills in the mine, one small engine for 
working the ventilating fans. The power used to run the 
crusher at the bottom of the shaft as well as the screens and gen- 
eral mill work above is transmitted by insulated wire cables 
from a dynamo in the engine room. The various boilers shown in 
Plate XII (behind the salt) use fuel oil. 

Kinds of Salt Produced. — Salt of various coarseness is pro- 
duced at this mill by grinding the crushed materials as it is 
dumped from the cage, as already described, on the uppermost 
floor of the building, through screens of varying mesh, the 
coarser grades being first screened out and the finer 
ones later on and lower down. Shipment is made via the Salt 
Mine branch of the Southern Pacific Railroad sometimes in bulk 
in carload lots, sometimes in sacks. The highest priced salt is 
that shipped in huge chunks, used by cattlemen for salting their 
stock. In a moderately dry climate these chunks last a year or 
more, or till consumed by the cattle. Plate XVil shows natural 
mze the grades of salt produced at this mine. The Myles Salt 
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Company has kindly famished us tht; toLlowing data regarding 
the uses to which these various grades ot salt are put. 

"The crushed salt, grades Mos. 1, 2 and b, is iised for refriger- 
ating, curing hides, curing lish, making salt pickles, glazing in 
enameling and pipe works, and No. 'S is tspecially adapted for 
capping all sorts of meats put up in pickle in barrel, 

■'The G (coarse) and K i^finej are used for dry-salting meats, 
clearing oleomargarine and in all sorts of chemical works. The 
A grade is a special one made to suit the customer who regards 
the No. 1 as too large and the C as tuo small for his purposes, 
8uch as making ice cream and pickles. The D grade is also a 
special one, consisting of powdered salt, which results from tlie 
grinding of any of the crushed grades in the mills and is used 
for any purpose where rapid solution of the salt is desired." 
Petite Ansb — (aveky's island.) 

Location, Size and Form. — This island, so-called, is located ia 
Ranges 5 and 6 east, Township 13, south. It ia in Iberia Parish 
about 10 miles southwest of New Iberia. See PI. XVIII, Bull. 
No. 3, Report of 1905; see also Map of Petite Anse, PI. XIX of 
this report. 

History of Mining Operations.— tbe history of mining oper- 
ations on this island up to 1899 has been well discussed in a 
former report of this Survey (Report 1899, pp. 239-243). The 
main points to be noted are ; The discovery of roek salt in 1862, 
the sinking of an 8x8 ft. shaft 83 ft. deep in 1867, afterwards in- 
creased to 90 ft.; the mining by driving long narrow chambers 
in east-west and finally north-south direction as well ; the flooding 
of the mine; the deepening of the shaft to 168 ft. in 1885, the 
second flooding, and the commencement of a new shaft in 1899.* 

•The most important articles relating to the geology and mining 
Industry of this Island are: Report ot the American Bureau of Mines 
on the Rock Salt Deposit of Petite Anse; New York, 1869, by Dr. 
Charles Goesmann; on the Geology of Lower Louisiana and the Salt 
Deposit on Petite Anse Island, by E. W. Hilgard, 1871, Smith. Cent. 
Knowl, No. 243, Vol. 23; R. A, Pomeroy's article on Petite Anao Salt 
Mine In the Transactions of the American Institute of Mining Engi- 
neers (Condensed in Bng. and Mln. Jour,, Oct. 6, 1886, pp. 280-281); A. 
P. Lucas's article. The Avery Island Salt Mine and the Joseph Jeffer- 
Bon Salt Deposit, Louisiana, In the Eng. and Mln. Jour., Nov. H, 1898, 
page 463, and Veatch's article In our own Report of 1899, already 
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Geology. — ITie literature already referred to gives a large 
amount of detailed information regarding the geology of thiB 
island. Yet, in our judgment, all these details are of no serious 
mcHnent in the interpretation of the geol<^y of this and other 
salt islands. All beds here seen are admittedly of Quaternary 
age ; none contain anything that cannot be referred to inter — or 
post — Glacial times. Local variations of sediments, tilting of 
strata that are underlain by salt, submei^d cypress stumps 
about the bordera of the island, etc., are points already touched 
upon under Qrande C6te. But since our Beport of 1899 was 
published some moat remarkable and nniqne investigations have 
been goii^ on that throw much light on the geology of this 
island and in fact upon the geology of the whole Gulf re^on. 
Mr. W. B. Eberhart put down two deep test wells on this 
island approximately a mile apart. The one he describes as just 
towards the Mill from the Susrar House, and the other at the 
present pumping plant 

Section of the well by Sugar House, according to Mr. Eber- 
hart's statement: 

Total depth, feet. 

1. Superficial detritus 330 ft 330 

2. Rock salt, 2,263 ft 2,593 

3. Blue gas sand, 70 ft 2,663 

(An old loj; struck at 2,643.) 

4. Again in salt ai i ending at 2,729 

Section of the well at ;!:■• Pumping Station: 

1. Yellowish clay, 500 ft 500 

2. Gravel, 200 ft 700 

3. Grayish sand, 2,112 ft 2,612 

(A gravel bed at about 1,500 ft.) 

No salt nor salt water struck in this welL 

In a letter received from Mr, Bradford, manager at the mine, 
under date of April 27, 1904, the statement is made that at a 
depth of 1,400 feet in the latter well, logs were passed through; 
while at about 1,100 ft. a 30 ft. bed of shells was penetrated. 
He continues: "A mile to the west a well is now down about 
800 ft. in hard elay, apparently alluvial deposit, sbowins hill 
there to be of much more recent formation than generally be- 
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lieved. At about same level as underlying surrounding marsh, 
cypress logs are found. The whole formation is peculiar. ' ' 

Mr. Eberhart Mndly gave us some of the log from 2,643 ft. and 
we must confess that it seemed much more like wood from a 
peat bog than from any Tertiary lignite bed. In fact, we be- 
lieve it to be a part of a cypress tree depressed to this depth 
in comparatively recent times. 

The surface of the salt mass is irregular, as on Qrande C6ter 
but here it rises in places a few feet above tide level, being ther&- 
f ore over 40 ft. higher than at any place on Grande Cote or at 
any other point in the State. This explains the existence here of 
brine springs, well known long before the discovery of rock salt 
on the island. - 

In the mine the salt is streaked nearly vertically Ob a rule by 
fine grains of transparent anhydrite crystals as already ex- 
plained under Grande Cote. An analysis of the white salt placed 
alongside of an analysis of the dark material is given below 
(Fide Ohem. Div. Exp. Sta., J. E. Halligan) : 

White sample. Colored sample. 

99.10 NaCl 96.53 

.10 H, 20 

.23 Water insoluble CaSO, 2.16 

.33 Water soluble CaSO, 1.05 

99.75 Total 99.94 

The insoluble calcium sulphate so far as we have observed is- 
transparent, and, we believe that the apparent darkness of the^ 
layers bearing it jn any quantity is caused by the different wi^ 
that it and the purer salt layers admit, absorb and refract rays 
of light. The miners speak of the residue left after everything- 
has been dissolved out that can be in a "colored" specimen, as. 
white sand. So it does appear in mass, but when carefully ex- 
amined under a glass it is seen that the particles are really 
transparent. 

Pomeroy* evidently took these streaks as lines of stratification, 
for he says: "The stratification planes are clearly denoted and' 
at first sight appear to have been thrown in a vertical position 

•Eng:. and MIn. Jour,, IfiSB, Oct, B. p. 180. 
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throughout; but a close examination reveals the fact that the 
structure is folded, and shows three anticlinal axes in the first 
level with the corresponding synclinals in the lower level. In 
Harper's Magazine for May, 1S88, will be seen, p. 909, a cut of a 
salt quarry at Iletsk, in which the structure is folded." 

The two levels it will be remembered were 70 feet apart in the 
old mine. Since this is abandoned and flooded (See PL XXI) 
we have no means of verifying Pomeroy's observations. The 
structure he describes seems clearly like that shown in Plate 
XLVIII, a near view of a portion of the Cordona Salt Moun- 
tain. 

Details of the iftne.— The shaft is 21x10 ft.; 518 ft. deep; 
divided into two hoists and one air shaft. Galleries, about a mile 
of which were already driven in 1904 are 30 ft. wide, and run 
in two directions, at right angles with each other, leaving square 
pillars 30 ft. on a side as supports. 

Plate XXII shows liow that here as well as at Weeks the salt is 
conveyed from the place of mining to the foot of the shaft by 
means of small cars drawn on a narrow-gauge track by horse or 
mule power. Here, however, as at the Retsof mine in New York, 
the cars are drawn upon the platform of the cage and hoisted and 
dumped by hand at the top floor of the mill. The heavy crush- 
ing is therefore done in the mill instead of at the foot of the 
shaft, as described at Weeks. The various grades of salt pro- 
duced here are shown by Plate XXIII and are used for prac- 
tically the same purposes as similar grades from Weeks. The 
purity of the salt is Bueh that no purification processes are re- 
quired. The salt is simply crushed, screened, ground and win- 
nowed to drive off the fine salt dust particles and shipped in 
fflzes shown on Plate XXIII. The elimination of the finest, dust- 
like particles is necessary owing to their tendency to deliquesce 
and cement together the larger salt grains. 
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There is a great similarity in the general type of mill and 
milling seen here and at the Retsof mines in New Tork,* This, 
however, is quite natural owing to the fact that all are in one 
and the same trust. Owing to the long haul in the Retsof mine, 
over a mile in some instances, electricity has been installed, how- 
ever, in place of horee power for moving the salt ears. The Avery 
salt mill is shown on Plate XX; the Retsof mill on Plate 
XXXVIII. 

Salt, Available and Mined. — Mr. Bradford informed us in 
1904 that he estimated the salt deposit actually located to amount 
to about 2,000,000,000 tons; and that aggregate shipments from 
this point since time of discovery amount to about 1,000,000 
tons. 

Part II. — Other localities where salt or cognate substancei 
have been obtained. 

LOCALITIES SOUTH OP THE OLIGOCENE. 

(See Plate XXIT.) 

BeujE Isle. 

Location, Size and Form.— The little mound in the marshes, 
called Belle Isle, is some distance to the southeast from the other 
Bo-ealled salt islands, being but eight miles to the west of Atcha- 
falaya River. It is reached by boat from Morgan City on the 
Southern Pacific Railroad. Its exact surroundings, size and 
form can best be ascertained from an inspection of the maps. 

History of Mining Operations. — Salt was found on Belle Isle 
in December, 1896, by Captain A. P. Lucas, at a depth of 373 
ft. (See Report, '99, p. 222.) In August, '98, the Gulf Com- 
pany started a shaft on the site of their prospect hole No. 11, 
where they had found salt within 103 ft. of the surface. When 
Veateh, who wrote the article on the Pive Islands in our Report 
of '99 left the island, May 19, '99, the shaft had attained a depth 

*Tb« crushing: strength of rock salt haa already been referred to, 
p. 10, (oot note. One mine mentioned by Toumaire la worked on 
the very same pla.n and with practically the same dimensions of gal- 
leries as those at Avery's. Leaving one-fourth of the salt area as 
pillars and allowing 3.2 as the Bpeclflc gravity of the overlying maas, 
mining can te carried on, according to Tournaire, on this principle, 
■with safety to a depth of 740 to 1,120 feet, varying with the nature of 
the salt. See also Ann. dee Mines, Vol. 3, 1884, "Des dtmenslonea a 
donner aux plllers des carriers," 
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of 175 ft. and was in impure salt "becoming whiter." After 
this, an entry was driven first to the north, then easterly 22 ft 
wide and 15 ft. high, to a distance of 240 ft., when water rushed 
in and within two hours filled the shaft to sea level. 

A second shaft was started near No. 9, PL P, but this seemed to 
be an unfortunate undertaking from the beginning. Quicksand 
had to be dealt with for the first 101 ft. Below were 24 feet of 
sulphur and clay. Then came 75 feet of clay before rock salt 
could be reached. Attempts were made to freeze the soft mate- 
rials in order to prevent caving and the inflow of water. The 
plan could not be carried out. In spite of strenuous work under ' 
most abnormal air pressure, the quicksand and water finally 
rushed in and the shaft bad to be abandoned. 

On the hill to the north of this shaft tiie effects of dissolving 
out salt from a mass overlaid by unconsolidated rock can be seen. 
An enormous funnel-shaped or crater-like hole in the ground 
now marks the place whence several thousands of tons of salt 
were obtained by the common method of pumping brine and 
evaporating it for salt. By this method that portion of the island 
underlaid by salt could soon be reduced to sea level and henee 
ruined. 

At the time of the writer's visit to the island, the spring of 
1905, everything was donnant so far as mining operations were 
concerned. The partially constructed boats were rotting at their 
wharves. The first shaft described by Veatch was marked only 
hy a pond of water. Expensive machinery in evaporating plants 
and machine shops as well as immense boilers by the score were 
rapidly rusting into worthless junk. The former postofBce and 
stores and houses for officers and men were in process of rapid 
decay. 
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FlQ. 10. BAI/C EVAPORATION PLANT AND ACCESSORY BUILDINOS^ 

BELLE ISLE, LA. 

By J. A. Pacheco. La. Geo;. Surv. 

J. A. Packerd, LouiBlajia GeologicaJ Survey. 
1, S, G. Bvaporation and storase bulldinKs. 
3. Drying and packtnK house. 
e-9. Settling tanks. 

10. Boiler house. 

11. Brick drying shed. 
II. Store and poBtofflce. 

II. Brlck-niakfnx machinery. 

14. Barrel factory. 

IE. Machine and blackamlth ibop. 

Id. Office. 

17. Dry dock. 

It. 10, II. Negro lahorers* qnartera. 

It. Boarding taonu. 

11. Ofl weU. 

It-ir. Workmen's cottages. 

2S. Officers' Quarters. 

T8 
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SO- Oveaa. 

31. Barn. 

S2. B&m and stalls. 

83-S5. Baw mill. 

3G. Second ehafL 

IT, Blectrlc plant and boiler*. 

SS, Boiler and tall brick chlmne7. 

3S. Hull of old "OaceoU,," used w» laboiwn* qnarter*. 

40. Stem-wheel steamer In procean of coaatructlon. 

41. First shaft; flooded. 

Scale approximate!; GOO ft. to th« Inch. 

A recent letter of inquiry to Mr, C. A. Bibbius at Moi^an City 
elicited the following information: "After the failure of the 
second shaft all work was abandoned and biiBine&& was put in 
the hands of a receiver, who sold all of the plant and buildii^s. 
The island is now (Sept 6, 1907,) in the hands of the New Or^ 
leans Milling and Mining Company, who are drilling for oil." 

Qeology. — The main facts relating to the geology of this island 
have been well set forth in our Report of '99 by Mr. Veatch. 
(See pp. 223-229.) Since that report was published, however, 
ten more wells were put down before our visit in 1905. The 
samples and drillers' record of several of them were left in tha 
company's ofSee and were turned over to us for study. Unfor- 
tunately those left in charge of the island at the time were not 
acquainted with the location of many of the wells the company 
had sunk. These ten wells had not been numbered consecutively 
after the manner of those that had been put down before 
Veatch 's visit, but were given letters of the alphabet, from "A" 
to "J" inclusive. The logs and samples from some of these 
furnish interesting and important information. 

Section of WeU J. 

(About Y% mi. N. of old shaft on west side of canal.) 
Samples at 

280 ft., fine, compact, light olive-gray sand. 

400 ft., white limestone. 

435 ft., crystalline quartz sand and dark clay. 

450 ft., light, olive-gray sand, with Ostrea. 

600 ft., nearly pure quartz sand, rather coarse. 
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This shows how much less extensive the salt mass is in a north- 
erly direction from the old shaft than it was supposed to be 
in '99. 

Again, by far the most instructive well section from Belle Isle 
is that from well "I," just beyond the large boarding house 
from the wharf, not far from the well nnmbered 1 in Veatch'a 
map. Note that it is only after the 1,545 ft. level is reached 
that the real salt mass is encountered. 

Section of WeU I. 
Samples at 

84 ft., yellow loamy clay. 
86 ft., fine sand. 

200 ft., coarse sand. 

232 ft., coarse angular gravel. 

256 ft., coarse angular gravel, with sulphur. 

285 ft., sand with sulphur. I 

303 ft., sand, sulphurous, with traces of oil. i 

450 ft., fine gray sand. ' 

500 ft., brown sand. I 

545 ft., sand (^'as showing), i 

565 ft., salt and sand. I 

590 ft., salt, sand and clay. 

608 1., quicksand. thrnuo;h 2d bed of salt. 

655 ft,, sand and hard clay, 

720 tt , hard clay, "gas" showing. 

756 ft., pray sand with pyrites, hard. 

785 ti., fine gray sand, 

840 ft., salt and hard clay. 

852 ft., hard gray shale. 

870 ft,, hard gray shale. Sulphur. 

940 ft., sand and clay, showing oil and gas. 

955 ft., hard gray elay. 

960 ft., hard brownish-gray clay. 

985 ft., brown oil sand mixed with salt, 
1,010 ft,, dark clay, 
1,022 ft., hard black clay and limestone. 

1.039 ft,, gray clay and sand, 

1.040 ft,, hard gray clay and gravel. 
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1,058 ft., dark, hard clay and sand. 

1,068 ft., ditto. Caaing set at l,066i^ ft. and bailed; bringing 

up large liard chunks of calcareous gray shale and 

impure and crystalline gypsum. 
1,086 ft., brine, oil, sand, salt, etc. 
1,096 ft., olive and brownish clay-shale, sand and salt. 
1,105 ft.; gray, hard sandy clay, "oil-showing." 
1,116 ft., fine brown sandy loam, "good oil showing." 
1,130 ft., hard, dark, flaJdng clay. 
1,150 ft., hard gray sandy clay. 
1,160 ft., fine, compact sandy shale, salty to taste.* 
1,170 ft., brown sand and salt. 
1,180 ft., dark hard clay and salt. 
1,202 ft., salt and fine sand. 
1,206 ft., hard clay, salt and snlphur. 
1,212 ft., fine brown sand (oil). 
1,220 ft., dark, finp sand (oil). 
1,230 ft., ditto. 

1,232 ft., "dark shale. Drilled with cable tools." 
1,237 ft., dark, hard elay and sand. 
1,240 ft., hard clay and oil sand. 
1,253 ft., brown sand and hard clay. 

This and the above sample appear simply as dark, 

moist, hard roiindcd claj- nodules. 
1,255 ft., ditto. 
1,277 ft., ditto. 

1,310 ft, ditto, but more sandy. 
1,318 ft., ditto. 

1,355 ft., light drab, sandy day. 
1,365 ft., light gray, sandy clay. "Fine showing of oil on the 

return." 
1,370 ft., dark, hard clay and sand. ■ "Best oil showing yet." 
1,430 ft., bard, light drab to dark, clay sandstone, 
1,445 ft., hard, dark sfay shale. 
1,475 ft., fine, drab, loamy sand. 
1,545-2,450 ft., salt. 

1 hard shell and atruek & Dig 
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But a short distaace southerly from No. 4 on Teatch'e map 
(PI. XXV) Well H was sunk. The black stained chert boulders 
were particularly noticeable in this well, especially from a depth 
of about 288 ft. Salt of importance was not encountered. This 
again shows how limited in this direction is tlie salt mass in 
which the old shaft was stmk. 

Section of Well "E." 
Samples from 

20 ft., tough black clay. 
62 ft., fine, light-gray sand. 

104 ft. dark, tenacious clay, with Ostrea, Modiola and small 
univalve as at Anse-la-Butte. 

165 ft., fine pure, gray, quartz sand. 

220 ft., gray, tenacious clay. 

245 ft., very fine gray sand. 

266 ft., ditto. 

280 ft., ditto, bluish. 

288 ft., large chert pebbles and boulders. 

315 ditto, black, sulphur-stained. 

340 ft., fine sand, with sulphnr rock. 

363 ft., "Sulphur rock." 



PiQ. 11. SECTION ACROSS BELLE ISLE, LA., FROM A TO B ; SEE PL. XXV- 
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370 ft., ditto. 

391 ft., ditto. 

420 ft., sand, light drab to gray, with clay. 

Yeatch's crosa-fiection Fig. 11 herewith repeated from Report 
of '99, though maiDly correct, should be so modified as to iodi- 
cate a very abrupt dipping of the upper surface of the salt to the 
right of hole 4 or " H. " Again if the great mass of salt has been 
struck at Shaft No. 1, it must have a far steeper dip than shown 
in Pig. 11, for in "Well "I" it is 1,545 feet below the surface. 

Well "I" on account both of its depth and the great thicknesi 
of salt found is certainly very interesting. But there is another 
subject of interest in this well; it is the oil found at vaiioaB 
horizons, oil by the way of a very light color and so pure that it 
is burned in lamps without refining. 

The shaft section as given by Veatcb, though only 175 ft. 
deep, since it showed the real structure of the beds, i. e. anticlinal, 
sometimes on one side of the cr^t and sometimes on the other, 
deserves special notice. The occurrence of baryte, galena, 
sphalerite, pyrite, and chalcopyrite are most noteworthy. It runs 
as follows: 

Section of First Shaft. 

(Elevation above tide 7 feet.) 

No. Depths. Feet In. 

1. 0— 4 Clay 4 

2. 4— 13 Hard sand 9 

8. 13— 30 Blue clay 17 

4. 30— 40 Blue clay and sand 10 

5. 40— 63 Hard clay and gravel 23 

6. 63 — 68 Blue clay with crystalline masses, 

from the size of marbre to a man's 
head, of baryte, galena, sphalerite, 
pyrite and chalcopyrite 5 

7. 68— 95 Blue clay and shells 27 

8. 95 — 96^ Rock. Impiire black limestone and 

baryte 1 6 

S, 96^^ — 103 Blue day with masses of baryte near 

the base 6 6 

10. 103—116 Dark colored clay with large salt 
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crystals 14 ft 

11. 116—117 Dark colored clay with oil 1 ft 

12. 117—142 Salt with dark colored clay 25 ft 

13. 142—162 Discolored salt 35 ft 

14. 162—163 White limestone 8 

15. 163—175 Dirty salt becoming white 12 ft 

The very recent date of movements in the strata here pene- 
trated is attested by the fact, as pointed out by Veatch, that ft 
sbeU-bearing layer in the "sand pit" not far away, has a dip 
conforming with the western slope of the anticline that culminates- 
at the shaft. All shells are of recent species such as live today 
in the Gulf waters nearby. This accords well with our theory 
that these salt islands are not largely due to general folding of 
the earth's crust, but to the concretionary power or perhaps- 
rather to the power of crystallization of local salt miases that 
presumably are even today increasing in size and causing th& 
doming up of superficial layers. 

Salt. — ^When salt is first struck on this island, it occurs not a» 
pure chloride of sodium as on Cote Carline, Petite Anse or 
Grande Cote, but as impure, often dark crystalline masses mingled 
with clay. The deep well "I" shows that if a sufficient depth is- 
reached probably the salt on this island would be very much the 
same as on the others. But generally the beds nearer the sur- 
face have much in common with those found at Anse-Ia-Butte. 
Two classes of sail, the light and dark, were obtained by Veatch 
at the shaft and were analyzed by Dr. Blouin of the Experiment 
Stations with the following results : 

ANALYSES OP SALT. 

Black salt White salt 

Belle Isle Belle Isle 
Layer 12 

(120 ft.) (175 ft.) 

Sodium chloride 92.750 96.405 

Calcium sulphate 3.051 

Masnesium chloride .074 

Magnesium sulphate — 

Magnesium carbonate 201 

Sodium carbonate 067 
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TOI-OIJHAPHIC MAP OF COTK Bl.ANCHK, I,A. 

Scaie : 2^ix>/l. to ike inch 
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Sodium sulphate 837 

Calcium carbonate 1.804 

Calcium chloride .226 

Ferric and Aluminlc Oxides (Fej Oj and 

Alj 0.) 500 .025 

"Water 

Insoluble matter ■. 3.325 .059 

Final Remarks. — ^We have always looked somewhat askance at 
Belie Isle as a salt producer. Not but that salt is sufficieutl/ 
plentiful to supply the whole world's needs for centuries to come, 
but that the salt is very difdeult to obtain in any practical man- 
ner. Shafts and mining have proved failures. The beds or 
lenses of salt nearest the surface are local and dangerous to 
mine. Dissolving the salt by forcing down fresh water, allowing 
it to become saturated with salt and then pumping it out again 
and evaporating the brine to salt is indeed practicable, but, as in 
England, where the overlying deposits are unconsolidated, the 
houses, fields and all are ruined by the caving in that takes place 
soon after any considerable amount of salt is removed. In other 
words, salt can be obtained in quantities at Belle Isle only by 
ruining the island. 

Cote Blanche. 

Oeneral Appearance. — This island has very much the appear- 
ance (PI. XXVI) of Grande C3te, though perhaps it is not 
quite so rugged. The well sections (PI. XXVIII) so far ob- 
tained, do not differ materially from sections on other islands, 
except here no salt has been found. Cote Blanche, however, has 
a long sea-cliff where its stratigraphy can be studied to good ad- 
vantage. This cliff has been visited and described by Hilgard 
and Veateh. (See our report for '99, p. 230,) To us. the faults 
seen here and there along this cliff are its most noteworthy 
feature. (See PL XXVII.) They show that considerable move- 
ments have been going on in these beds, movements quite prob- 
ably due to the salt formation underneath. Here, it would seem ia 
the most advantageous place to bore for salt. Possibly .the apex 
of the salt dome is out at sea now. For, the waves are rapidly 
undermining this cliff and the whole shore line is and has been 
for some time undergoing rapid recession. Near the fault shown 
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in PI. XXVII the beds exposed from above downw&rds are as 
follows : 

Feet 

1. Brownisb loam 7 

2. Yellow loam 3 

3. Orange elay 6 

4. Reddish elay 5 

5. Light, sandy clay 2% 

6. Light gray, sandy elay 1^ 

Final Remarks. — It will be noticed from the sections given on 

PI. XXVIII that borings on this "island" have not been very 
deep, nor have they been in the locality where quite probably the 
salt core comes nearest the surface. It would seem to us that if 
a really deep boring, say 2,000 ft., were made on this island and 
salt were not yet found, that there would be some chance of find- 
ing oil in paying quantities. That the uplift or form of the 
island is due to salt and its attendant materials and phenomena 
as in the other ' ' salt islands, " we do not for a moment donbt. 
COTB Cablinb. 

Location. — On Lake Peigneur, a short distance north of Bob 
Acres, a station on the Southern Pacific Railroad, abont 12 mile* 
west of New Iberia; southwest part of Tp. 12 S., R. 5 E. 

Items of Geological Interest. — However questionable the ap- 
pellation "island" may be to low domes rising oat of marsh- 
land sometimes nearly dry, sometimes flooded with water, this 
"island" can only be called such in order to show its similarity 
of appearance and obviously similar origin to the other members 
of the Five Island group. The lake bordering this dome is 
noteworthy in that it ia the largest body of water immediately 
adjacent to or upon any known dome, having an origin we believe 
connected with that of the dome itself. Note the swamp 
or lake at Anse-la-Butte, Vinton, the former low depression at 
Prairie Mamou, Sour Lake, Beaumont oil fields, the lakes on 
Grande Cote, Petite Anse, Winnfield, Coochie, Belle Isle and 
others. This island furnished the first well record proving the 
enormous depth of any salt mass in Louisiana. Rock salt was 
found at a depth of 334 ft. in a well being sunk in search of frraih 
water for domestic purposes, in 1895, A diamond drill was then 
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employtd to investigate the salt mass, aod pure salt eorea were 
being brought out when drilling ceased at 2,090 ft At one place, 
according to Veatcli,* salt is within 91 ft. of the surface. As to 
exploitations for salt this author saysi 

Altogether eight holes were drilled to locate the contour of 
the salt. Only four of these reached the salt, lliey all show a 
surface layer of elay from 33 to 110 feet thick beneath which 
are irregular layers of sand and gravel with one or more layers 
of blue clay, and in one case a thin layer of lignite. The nearest 
the salt approaches the surface is 91 feet, in bole No. 8 which 
showed the following section : 

Section of Sole No. 8. 
No. Depths. Feet. 

1. 0— 33 Clay 33 

2. 33— 91 Sand and clay 58 

3. 91 — 112 Rock salt, not passed through 21 

Blue Clay and Zinc — In hole No. 7, a depth of 442 feet was 

reached without finding salt. This shows fairly well the usual 
arrangement of the beds on the island. 

Final Remarks.— It is obvious that here salt may be mined 
at excellent advantage. The small size of the island would sug- 
gest the desirability of first thoroughly testing the lay of the 
salt core before drifting too far in any one direction. 
Anbe-la-Butte. 

Location. — Northeast of Lafayette, in a direct line 5 miles, 
by road 5.9 miles ; one mile east of Bayou Vermillion, St. Martin 
Parish. Hypsometrically, the Butte area is from 10 to 29 ft. 
above the mean level of the Gulf. 

Topography. — The cardinal features to be noted here are; 
1, a central swamp or lake; 2, a lai^e mound 18 ft. above the 
lake with major diameter in a northeast-southwest direction ; 3, 
the quadrangnlar form of the lake, with trend in the same 
direction as noted in tiie mound; 4, the less noticeable moundi 
on either side of the outlet of the lake, and the hint at a similar 
rise to the east of the lake. 



.coy Google 



30 La. Geological Survey, Bulletin 7 — Report of 1907. 




FlQ. 12. MAP OF ANSE-LA-BUTTE, LA. SAW LOCATION, A, B, C. 

BY 0. . 



-This region ia usually styled the Anse-la-Batte oil 
field on account of the location here of a few successful oil welli 
and the many unfiuccessfnl attempts that have been made to 
find oil. About 6 oat of the 28 wells known to the writer may be 
regarded as successes in a rather modest way. That there is a 
great salt mass at this place, dominating the geolc^ of the 
region is well known. The Martin well (C) on the mntbem 
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border of the swamp entered salt at a depth of 215 feet and 
-continued in the same till drilling was discontinued at 1,530 ft. 
Statements vary as to the amount of salt in the well (B) on the 
north side of the swamp. Fenneman, however, gives the known 
flslt moBS as extending from 220 ft. to the bottom of the well at 
a depth of 1,S03 ft. In one of the first wells sunk, on the very 
top of the high motmd to the north of the swamp, salt is reported 
as extending from depths 391-570 ft, and again from 578-790 ft, 
making approximately 400 ft of salt with 8 ft. of gravel in its 
midst. In the Heywood No. 1 (A) rock salt was found as we 
were informed in the field, at 268 and 540 ft. AH between these 
depths Fenneman states to be rock salt There were clays and 
sands below, and near the 1,000 ft. mark, considerable quantities 
of oil were found. The drill again entered rock salt at 1,350 ft 
and continued in the same till drilling ceased 200 ft. below. 
In other wells, only a few hundred feet farther from the center 
of the swamp, no rock salt has been encountered, though salt 
water is common from 400 ft. down. 




(Horizontal and vertical scale tb« same.) 
APPBOXIMATB CROSS-SECTION OF THE ANSB-LA-BUTTB SAIVr 
UAS8. FOB POSmON OF WELLS, SEE FIO. 12. 
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Our interpretation of the occurrence of aalt at this locality i* 
indicated in outline by the more or less hypothetical figure her^ 
with given (Fig. 13). Around the salt core, beds of sand, gravel 
and clay are bent up at an angle of ib° or more; perhaps nearly 
90° in some places in justapoaition with the salt, though in Lake 
No. 2 doubtless 1,500 ft. or more from the center of the salt mass, 
a rock layer brought out from a depth of 2,045 ft., according to 
Mr. Grow, showed a tilting of only about 10". A sandstone core 
from the Moresi well showed an inclination of 45°. In all cases, 
so far as we are aware, the dipping is interpreted by the driUerg 
as away from the center of the field, or swamp. 

"When a great salt mass is brought up near the surface, fresh 
waters begin to act upon it. The apex, if not covered by an im- 
pervious layer, is soon truncated. About the salt mass there art 
concentric, truncated cones of pervious as well as impervious 
layers. Here there are plenty of coarse sand and gravel beds. 
Saturated salt waters would soon drain ofi Gulfwards if not in 
some way checked. Though doubtless checked temporarily by 
upward flowing oil and gas and made to precipitate small out- 
liers of salt, as shown in Fig, 13, their high specific gravity would 
at length teU, and as strong brine they would pass downwards, 
and, commingling with the great well-known water sheets below, 
would finally leach out into the Gulf. The small quantities of salt 
precipitated, however, would form ever-increasing masses, and 
as secondary domes, tend to lift up local areas about the great 
salt mass. Two such uei-y modern uplifts are well shown on the 
map (Fig. 12). The steepness and the height of the one north 
of the swamp are sufficient evidence of newness of formatioii. 
The one that occurs beneath the outlet is very modern, or now 
forming; for the outlet valley has marfoi of extreme youth. It 
is narrow and comparatively steep. Again this, limited area, 
excepting the notch for the outlet, is higher than the region U> 
the northeast of the swamp. It is very evident that the outlet 
started its course in this direction when the land to the south- 
west was the lowest found about the whole periphery of th» 
swamp, and that as time has gone on, and the outlet area has 
gradually risen, erosion has lowered the channel. Hence now, 
the comparatively high banks and narrow channel. 
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Salt Analysis.— la Caracristi's most remarkable report on the 
Anse-la-Butte (Ledanois) Oil and Mineral Co.'s holdings, p. 14, 
there is an analysis of brine obtained from a "salt mass," that 
is interesting in that it not only sbowa of what the "mass" was 
composed, but how wonderfully similar its solution appears to 
the brine obtained in North Louisiana. (See analysis by Maurice 
Bird of many of the saline waters). The solution or 
brine contained the following, in percentage to the whole: 

Sodium chloride 7.602% 

Calcium chloride 0.212% ■ 

Magnesium chloride 0.016% 

Alumina and iron oxide 0.012% 

Final Remarks. — The complete misconception held by Cara- 
cristi regarding the geology of this locality can be seen at a 
glance by consulting his "Cross-section" of the field. The out- 
lying, unimportant masses of salt found in the well on the hill 
were taken by him as the salt masses of the district ; and he says : 
"I find on your properties a deposit of rock salt, covering a 
workable area of at least five acres, with a thickness of approxi- 
mately 300 feet." Here then is a case where fact is stranger 
than fiction, for the drill has already proven a thickness of 
over 1,200 feet, and a distribution doubtless of 40 acres or more. 

Judging from the character of the material in most of these 
wells, and the fact that over 200 ft. would have to be penetrated 
to reach the salt, at least so far as we now know, it would seem 
that shafting would be rather difScult. However, the ordinary 
process of solution, bringing the salt to the surface in the form 
of brine, then evaporating the same for salt, would be perfectly 
feasible, and, if the existence of a lake, finally, where now there 
is a swamp is not a serious consideration, the method of solution 
seems the proper one to follow, especially as evaporated salt com- 
mands a comparatively high price. The question of fuel is not 
serious, since oil and gas are on the field. 

Prairie M.4M0U (Jennings Oil Field). 

Location. — By consulting the large map in Bulletin No. 6, PI. 
XI, the exact location and surroundings of this locality can be 
seen. It is but a mile to the west of the center of T. 9 S., R. 
2 W. : about six miles northeast of Jennings in Acadia Parish. 
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Geology. — Brief mention of this field will sufBee here since 
thus far a rock ealt core has not been found. In many waya, 
however, this seems to ob an Anae-la-Butte field, where the salt 
mass has not been so concentrated laterally, where the dome is 
consequently much broader, and the depth to the salt much 
greater. The center of the field is swamp ; there is a great mound 
on the east side of the proven field; the outlet of the swampy 
district centrally located, shows here also signs of having cut 
through materials continually rising. We believe that the source 
of the oil is mainly beyond the limits of the now proven field, 
and that whereas at Anse-la-Butte oil is found in smaU pockets 
about the salt mass where quite often near the surface it has 
been entrapped, in the Jennings field all lateral sources have 
contributed to impregnate the sands of the dome. Unlike Ansa- 
la-Butte, here are impervious clay mantles aggregating with 
their intercalated sands no less than 1,800 ft. The abundance 
of salt water speaks plainly, though not positively, for the 
nearby presence of the rock salt mass. 

Mention was made in our Report of '02 of the Miocene age of 
the sands that eontaiu the oil in this field. It was also surmised 
at that time that here, as at Beaumont, the collection of oil within 
the limits of a few hundred acres was due to dome structure. As 
time went on, little was added to what was stated in 1902 re- 
garding the structure of the field. Fenneman's* conclusions 
were: "There are no determinable dips, if indeed there are 
any dips at all." 

It seems to us, however, that since the abmidance and charac- 
teristic Miocene Bangia joknaoni descends from 1,000 ft. in a 
Jennings-Heywood Syndicate well near the center of the field, to 
2,000 in the Franklin well half a mile east ; and since, too, there 
is a decided mound here, clearly marking deformationa in the 
beds below, to say nothing of the raised overflow channel as 
above described, there is plenty of evidence of marked erogenic 
movements and some determinations of dip are possible. 



•Bull. £82. .U. 8. a. a, p. 100. 
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Location. — About four mites west and a little north of Welsh 
Station on the S. P. R. R. ; Sections 21 and 22 ; Tp. 9 S., R. 5 Wi. ; 
Calcasieu Parish. 

Geology. — That certain recognizable horizons appear in dif- 
ferent wells at different depths, is well established. Hence the 
conclusion is reached that there have been movements underneath 
the surface that have produced these known dips. The abund- 
ance of salt water is significant, also. So, too, is the localization 
of gas under tremendous pressure. So far, however, no rock 
salt has been found. Wells as a rule are about 1,000 feet deep. 
We have never observed at the surface here an; trace of primary 
or secondar; doming. 

CmooT. 

Locatitm. — ^About midway between Oakdale and Tille Flatty 
eight miles southwest of Bayou Chicot P. 0. ; S. 35, 3 ; S., 1 W. ; 
St. Landry Parish. 

Topography.—'PoT local topographic features, see PL "XXIC . 

6eology.-r-Two good artificial exposures are seen here. Their 
relation^p, owing to dense vegetation, cannot well be made out 
Though nearly pure calcium carbonate, this limestone is ottea 
much darker than that at Winnfield. It is often fem^nous, and 
is replete with cavities, showing afSnities with the Winnfield as 
well as Beaumont limestone. The vertical cutting at the largest 
quarry shows but eight feet of rock. But from dips obtained at 
the bottom of the quarry and along the southeast side tliere can 
be no doubt that here is a limestone deposit over 30 feet thick; 
and quite probably it is several hundred feet in thickness. Dips 
in the quarries show that only the southwestern flank of the 
anticline or dome is here to be seen. So far no salt, oil nor 
gas has been discovered here. Yet its apparent concretionary 
structure, like the Winnfield "Marble" quarry, admits of little 
doubt. In our Eeport of '99, pp. 61-62, we noted the prevalent 
dips to the southwest from 22 to 33 degrees, and called attention 
to the fact that here the anticline, if such it were, must run in 
a nortiiwest-southeast direction, while the anticlines then studied 
farther north ran in a northeast-southwest direction. We see 
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now from PI. XXIV that tlie uplift was probably more influenced 
by the Five Island fault zone than by the Balcones. 

Final Remarks. — This limestone bums into excellent quicklime. 
Its available mass cannot be ascertained without test wells. But 
clearly it is much greater than records thus far published would 
indicate. Here, as at the quarry west of Winnfield, we believe 
salt might be found by boring. This BU^eets the manufaeturii^ 
ol soda ash, cement and quicklime. So far, no railroads afford 
easy access to this place. 

Sulphur. 

Location. — About three miles west of Sulphur City; fifteen 
miles west of Lake Charles, Calcasieu Parish. 

Geology. — This locality is most remarkable for the occurrence 
between 400 and 600 feet of no less than eight beds of pure sul- 
phur, aggregating 26 feet in thickness. Between these beds sul- 
phur and gypsum occur mixed. For the general features and 
history of this mine see our Report of '99, p. 126, and Report 
of '02, pp. 98, 272. So far as we are aware, no rock salt has 
been reported from this place. The truly dome-shaped structure 
of the underlying beds is affirmed by Veatch;* as well as by 
Hayes and Kennedy in 1903. t 

Vinton. 

Location. — On sections 33 and 34, 10 S., 12 W., and sections 
4 and 5, 11 S. and 12 W. ; approximately three miles southwest 
of Vinton station on the Southern Pacific Railroad; Calcasieu 
Parish. 

Geology.^-Tbe general topographic features of this locality 
are shown in PI. XXXI. Risine evenly and majestically out of 
the level prairie region, this dome is certainly an object of 
beauty, as well as interest, to the scientifically inclined. A little 
lake we almost expect to find somewhere on or by the side of 
such domes. A priori, one would confidently anticipate finding 
here not only oil and gas in great quantities, but at no great 
depth, a tremendous central mass of salt. Here signs fail. 
However, we have no record of any well on this dome over 
1,270 feet deep. Up to this depth, sands and clays, and then 
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great thicknesses of coarse gravel are found extending to depths 
ranging from 475 to 595 feet. Then rock is encountered. Good 
logs with good samples have not been kept of the wells sunk on 
this dome, but at the request of the owner, Mr. Vincent, March 
17, '04, the driller, Mr. 0. W. Myers, of the Vinton Oil and 
Sulphur Company well No, 2, gave the writer the following log 
of that well, then down to a depth of 1,016 feet. Since doubt 
has been expressed* as to the occurrence of solid rock short of 
950 feet, this section in detail will doubtless be of some interest ; 
•U. S. G. S. Bull. No. 282, p. 110. 1906. 

— Peetr- 

Prom To 

Soil and sand 60 

Joint clay 60 65 

Sand, oil-showing 65 72 

Wood, oil-showing 72 75 

Sand 75 90 

Tough clay 90 101 

Sand 101 123 

Blue tough day 123 136 

Sand, good showing of oil 136 150 

Tough clay 150 165 

Oil sand (and gas) 165 172 

Tough day 172 178 

Tough day, oil showing 176 182 

Tough clay 182 187 

Wood and oil 187 190 

Tough clay 190 204 

Wood (Uttle oil) 204 206 

Sand rock, soft 206 265 

Gravel 265 269 

Porous, sand 269 306 

Gravel" 306 345 

Porous sand 345 360 

Gravel 360 375 

Rock layer, with gravel 375 381 

Gravel 381 387 

Rock and gravel 387 396 
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From To 

Kock, gravel present 396 403 

Hard conglomerate 403 415 

Black gravel and sulphur 415 473 

Hard POck (white) 473 475 

Hard sand rock 475 505 

Hard white rock 505 541 

Rock with sulphur 541 543 

White rock 543 681 

Sand roek, water and gas 681 690 

Hard roek, white, showing of sulphur 690 755 

Very hard rock 755 775 

Softer, with showing of sulphur 775 782 

Soft sand rock " 782 822 

Hard sand rock and white pock. 822 857 

White rock 857 862 

White rock 862 875 

White roek, hard 875 886 

White roek, with sulphur 886 898 

Hard rock 898 936 

Sand with sulphur 936 940 

Soft sand ( I) rock 940 1,000 

Hard rock (anhydrite) 1,000 1,016 

At a depth of 580 feet, there was first noticed an artesian flow 
of sulphur water and gas. 

Brine and sulphur water, gas and oil are found here in small 
quantities. In our estimation the finding of salt beneath this 
mound is simply a matter of drilling a 1,500 or 2,000-foot weU. 
The strong flow of artesian water in the heavy beds of gravel 
above the rock could he used to advantage in dissolving and 
bringing the salt to the surface. The extensive roek capping of 
the roek salt would render caving almost impossible. 
Haceberby. 

This locality we have not personally visited, but "from de- 
scriptions and well sections given in Bulletins 212 and 282 of 
the United States Geological Survey it is evident that here is 
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a structure of lower, broader and less definite dome characters 
tlian obtain at Tinton. Its location is given as 33 miles south- 
west of Lake Charles, on the south bank of Black Bayou, be- 
tween Black Lake and Calcasieu Lake. Its area is said to be 
8,000 acres and its elevation 35 feet. Sands, clays and gravels 
extend to a depth of about 900 feet. Only thin layers of hard 
rock occur till a depth of 1,565 feet is attained. Then comes a 
45-foot bed of porous limestone. At 1,620 gypsom occurs and 
continues at least to 1,830, the bottom of the deepest well. 
Prom a fine black sand between these rock formations salt water 
was reported. 

Davis Hni. 

Location. — Northern part of Liberty County, Texas-, on the 
right bank of the Trinity River, 

Regarding this hi!l Kennedy and Hayes" say : 

"This is an elevation located about 20 miles north of Dayton, 
Considerable quantities of sulphur water and inflammable gas 
are reported as occurring, but no prospecting or drilling has 
yet been done. The surface formations of this locality are 
mostly sands and soft sandstones." 

Hager maps this as a mound locality in Eng. and Min, Jour. 
Saratoga. 

Location. — West central Hardin County; twelve miles north 
and a little west of Sour Lake. 

This is a small oil field that shows no dome structure at the 
surface ; nor are there any conclusive proofs of anti-clinal 
structure beneath, except, of course, the peculiar confinement 
of the oil to perhaps not over 200 acres of surface. Deep wells, 
1,400-1,700 feet, in the northern part of the field yield salt 
water in great abundance. In many ways the descriptionst of 
this field recall conditions at Prairie Mamou. 

Fenneman notes the lack at the surface of all traces of a 
bill or mound indicating the usual structure of these fields. 
StiU, mention is made of a somewhat significant fact— that the 
longest dimension of the field "has a trend a little east of 
north." Op. cit., p. 62.) 

•U. S. G. S.. Bull. 182, p. M. 
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Batson. 

Location. — One mile from Batson P. 0., Hardin County, seven 
miles southwest of Saratoga; thirteen miles northwest of Sour 
Lske. 

Geology. — In this field, oil is found in a porous limestone 
averaging from 1,100 to 1,200 feet beneath the surface and hav- 
ing a thickness of from 20 to 30 feet. This limestone affords 
the means for determining some structural features in the low- 
lying beds of the region. Fenneman* mentions the strong dip 
in the eastern part of the field to the northeast, but also mentiona 
a crest passing northeasterly through the same area implying a 
pitching crest. Whether these features have been correctly 
made out or no, it is certainly noteworthy that, if our suppo- 
sition that this field is underlain by two faults or folds nearly 
at right angles to each other, the probable result of the upheav- 
ing forces along these lines would be precisely what has been 
described. 

"There is but one mention of the occurrence of salt at Bat- 
son. If the observations of the drillers were correct, 12 feet of 
salt were found in the Parafline No. 12, northeast of the centre 
of the field, at a depth of 1,007 feet, or 130 feet above the oil 
rock." (Op. cit., p. 53.) 

Bia Hn.i.. 

Certain marked elevations in three different countries have 
received the commonplace designation, "Big Hill." 

Big Hill in east Liberty County we know only from Hager's 
map. 

Big Hill in Jeiferson County must bear considerable resem- 
blance to the Vinton mound, in that it is low and broad and, 
though possessing calcareous beds in abundance and seemingly 
of the proper nature, they fail to yield much oil. One well is 
reported as reaehint; calcareous rock at 350 feet and continuing 
in the same to 1,400 feet, the total depth of the well. Another 
found none of the dome materials till a depth of 2,496 feet 
was attained, where limestone, gypsum and pyrite were struck. 
This was drilled into 34 feet and the well abandoned.t 
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Big Hill, Matagorda County, is interesting from the fact tliat 
it has yielded a sufficient amouBt of oil to encourage the sink- 
ing of perhaps forty wells, furnishing sufficient data to prove 
the symmetrical dome structure of the oil-bearing porous lime- 
stone. The dome at the surface is 20 feet high ; but the dome 
of the limestone is 200 or more feet high, with heavy dips 
about its periphery. Oil and gas comes in largest quantity from 
near the center of the mound. Salt water was found in nearly 
every well and has increased enormously in proportion to the 
amount of oil. 

Sour Lake. 

Location. — Southwestern part of Hardin County; twenty miles 
northwest of Beaumont. 

Geology. — Here is an instance where erosion and doubtless 
solution have been carried on to a sufficient extent to obliterate 
all noticeable traces of mound or dome structure at the surface. 
But in no other case is there such positive proof of marked 
erogenic movement as here. Besides the northeasterly, steeply- 
dipping porous limestone ledge described by Fenneman* in the 
"Wirt Davis tract, clearly showing a dip in some instances of 
45%, we have here the positive proof of Jackson Eocene fossils 
from a depth of 1,075 feet or less. Other deeper wells, espe- 
cially the "vrild-eat" well four miles to the southeast of Sour 
Lake, showed recent species, though some of the material had 
lithologic resemblances to the Flemming clays. Suppose the 
dip between the two is 60 feet per mile Gulfward, and suppose 
the Flemming clays were completely penetrated in the south- 
east well; this would mean that the top of the Grand Gulf 
beds should appear in the Sour Lake well at 1,675 feet 
Veatch makes the thickness of the Grand Gulf (Cata- 
houla) beds 1,100 feet. The top of the Jackson beds 
should then be reached at Sour Lake at 2,775 feet. But 
the Jackson beds are reached (and perhaps not their topmost 
layers either) at a depth of less than 1,100 feet ! Here then is 
positive proof of a dome-like or local uplift of fully a thousand 
feet and quite probably much more. In spite of these telling 
facts regarding the substructure of this locality, they have 
•U. S. G. S. Bull. No. 28S, p. 42. 
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been entirely overlooked hy recent writers on the geology of this 
region. In oar way of thinking, the steep N. E. dipa recorded 
in the porous, oil-bearing limestone in the Wirt Davis tract are 
to be referred to a Batson-Spindle Top anticline or faiilt, and 
the S. E. dips of the Cannon tract to the influence of a faultily 
at approximately rigTit angles to the first or nearly parallel to 
the coast. Between these tracts the Jackson Eocene is shown to 
come within 1,100 feet of the surface. That the edges of Jack- 
son beds should be so turned up that they break through 1,000 
feet of Grand Gulf beds is no more strange than the breaking 
through and coming to tbe surface of Cretaceous beds about the 
"Salines" of north Louisiana and east Texas. The great im- 
portance of the finding of Jackson fossils here is that in no 
other place south of the Grand Gulf area do we know positively 
that Eocene beds have been reached in welts. Here we have a 
strong hint as to the deep-seated nature of the cause of the 
domes of the Gulf border region. It tallies nicely with facts 
gained in studying similar structures in north Louisiana. 

Salt is reported by Fenneman as being found in at least ten 
of the wells of the Wirt Davis tract (and the adjoining) at 
depths apparently from 800 feet to 1,000 feet or more. It is 
beneath the porous oil-bearing limestone, separated from the 
same by hard clay. 

Spindle Top. 

Location.— J eSerson County; a little east of south from 
Beaumont, about three miles. 

Geology. — This is perhaps the most widely known of all the 
oil fields along the Gulf border. Here it was that in January, 
1901, Capt. Lucas brought in the first gusher and opened the 
eyes of the commercial world to the oil possibilities of the 
Southern States. Bulletins 212 and 282 discuss this field at 
length with maps and various illustrations. The propriety of 
the name Spindle Top is indeed questionable, for the mound 
as named is but about 10 feet high with an area of perhaps 
200 acres. In the map published in Bulletin 212 there sieems 
to be no marked elongation of the mound, though perhaps there 
is a slight tendency to extend a little further in a northwest- 
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gOQtheaat direction than in any other way. The proven area 
would seem to have a major axis in a northeast-southwest direc- 
tion. The oil rock, a porous limestone, shows a doming of at 
least 200 feet. It is encountered at depths of from about 775 
feet to 1,080 feet. The occurrence" of rock salt is known from 
the logs of at least two wells, the Iowa-Beaumont and the Hig- 
gins No. 3. In the former it was met at 1,200 feet and con- 
tinued till drilling eeased at 1,790 feet. In the latter, salt was 
met at 1,647 feet and still continued at 1,990 feet. Bock 
salt is reported in one instance at 600 feet with a thickness of 
10 feet. 

Dayton, 

Location. — Southwest central Liberty County; eight miles 
west-northwest of the village at Dayton. 

Geology. — The locality here under consideration, usually called 
Dayton Hill, is not a well-defined dome, but rather ill-defined, 
perhaps 20 or 30 feet above the surrounding country and 6 miles 
across. In one sense of the word it is a complete Gulf Coast 
dome, for it contains at successive horizons limestone, gypsum, 
and in some places oil and gas, and finally below, with unknown 
thickness, rock salt. As an example, the Taylor-Dayton No, 1 
passed through the usual unconsolidated sands and clays to 
a depth of 580 feet. The sands contained some oil. Then came 
a 10-foot limestone with soil showings. From 590 to 799 feet, 
solid gypsum was found. Then came 500 feet of solid rock salt. 
Other wells have reached the salt mass, especially in the western 
part of the field-t 

Humble. 

Location. — Eighteen miles north of Houston, northern Harris 
County. 

There is an oil field covering a part of Echols Ridge, Oil 
is found, sometimes at least, in the usual porous liuestone of 
these districts. Depth about 1,200 feet. No salt reported, but 
salt water has flooded the wells.? 

•U, S, a. S, Bull. No. 283, p. 81. 
ru, S, G. S. Bull. No, 282, p. 8S. 
tBea U. S, G. S. Bull, No. S82. pp, 67-68, 
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Barber's Hill. 

Location.— KoTthviestern Chambers County ; eighteen miles 
south of Dayton. 

Prom Penneman's* description of this mound we judge it must 
be very similar to that at Vinton, La. It is 20 feet high and 
covers several thousand of acres. One well at least out of the 
five drilled by Iliggins showed from 557 feet down to 1,200 feet 
gypsum in what were supposed to be large concretionary masses, 
not one thick layer; nor was rock salt atruck. 
High Isijlnd, 

Location. — In the southeastern part of Chambers County, Por 
local surroundings see Pig. 14. 

Judging from well records and statements of Hager and Pen- 
neman, gypsum is commonly found at shallow depths inter- 
calated in clays. One of the Guifey wells found gypsum at 
600 and stopped in the same substance at 1,200 feet. Another 
Guffey well penetrated gypsum from 900 to 1,300 feet and then 
went through solid rock salt to 2,600 feet. Hot waters and 
various sulphur compounds, resembling those at Belle Isle, are 
noticeable. 

Blue Bidge. 

The location and facts regarding this locality we owe to Ha- 
ger. t He says: At Blue Ridge, in Fort Bend County, a well 
now being sunk passed through a heavy series of coarse sands 
and gravels, from 200 to 600 feet, cemented together into a 
hard coi^lomerate by a matrix of gypsum and dolomitic ma- 
terial. Pockets and seams of slate occur throughout this eon- 
glomerate intimately mingled with gypsum, dolomite and gravel. 
Pyrite and large crystals of sulphur are, found in abundance 
in the same material, with evidence of gas and petroleum. 
Hoskin's Mound, 

Location. — Southeastern part of Brazoria County; between 
Chocolate and Bastrop bayous. 

Penneman states this mound has a height of 37 feet above the 
Gulf and about 30 feet above the level of the surrounding land. 
A few comparatively shallow wells are reported to find oil, and 
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it would aeem that some of tbe tj^ical dome materials are pres- 
ent, bat as yet no rock salt has been reported. 



Damon's Mound. 
Location. — In the northwestern comer of Brazoria County. 




Fia. 15. SKBrrcH hap of damon's mound, texas, b7 veatch, 

u. s. 0. s. 

Geology. — The general topographic features are well shown on 
the map made by Veateh for Bull. No 212 of the U. 3. G- S. 
In the Hemdon well Hayes and Kennedy note : 
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Peet 

Gypsum 171 to 549 

Sulphur and gypsum 549 to 579 

Loose saud, very coarse 579 to 587 

Salt 587 to 1,160 

KISER'B HCiL. 

Location. — Brazoria County ; near west bank of the Brazos; 
two miles northwest of Columbia. 

Tliis is described by Fenneman as an irregular elevation of 30 
feet above the surrounding plain. Thus far it seems not a suc- 
cessful oil field. Some wells have reached a depth of over 1,000 
feet. Some oil, gas, sulphur, and even streaks of salt have been 
found. 

Bbtant'b HBaOHTS. 

Location. — Brazoria County, one mile from the Gulf and not 
far west of the mouth of Brazos River. 

This mound rises about 30 feet above tide, or about 20 feet 
above the surrounding plain. According to Feoneman's de- 
scription it would appear to be similar to Kiaer's Hill. Sul- 
phur and gypsum are mentioned, but, so far, no salt. 

LOCALITIES NORTH OF THE OLIGOCENE. 
(See Plate XXIV.) 

NeOBBET SaIjINB. 

Location. — About one-half miles above the mouth of Bayou 
Negreet, in the S. W. i, S. 24, T. 5 N., R. 13 "W. 

QenertU Features and Importance. — Brine springs issue from 
the bed of the bayou; and, formerly vertical hollow logs were 
smik over these aoureea and the brine pumped to kettles near by 
and evaporated. In this vicinity there are no extensive level, 
barren tracts as near some of the larger licks in northern Lou- 
isiana, yet the stunted growth of the vegetation scattered about 
among barren sandy patches of ground show clearly a true 
saline, indicating doubtless the near approach to the surface - 
of a considerable mass of rock salt. 

Coal Bluff Salinb. 

Location.— On the Sabine River, S. 33, T. 6 N., R. 13 W. 



.coy Google 



48 La. Geologk^ai. Survey, Bulletin 7 — Report of 1907. 

A small open lick showing a few old furnaces and of an 
importance equal to the Negreet saline. 

Still further north and west in S. 2, 6 N., 14 W., another small 

treeless "liek" is reported, where salt was made in early timps. 

Many, 

Location. — On the road from Marthaville to Many, near Rook 
Spring Church (N. E. i, S. 24, 8 N., 11 W.). 

A dome structure is inferred here on account of the Midway 
aspect of the fossils occurring in an impure limestone ledge sur- 
rounded by Sabine Eocene deposits. See Report of '99, p. 63. 

Bayou Castor Saune. 

Location. — About five miles in a northerly direction from 
Roehelle; about on the line between sections 15 and 22, 10 N., 
1 E. {fide Smythe of Eochelle), the so-called "dry lake" being 
probably all in S. 15. 

This is probably the region referred to by Kilpatrick in 1852 
as "on the west bank of Castor Bayou four miles from the 
fork," quoted in our Report of 1902, p. 92. If so, the Castor 
Salt Spring, given on the maps of Professional Paper No. 46 is 
about six miles too far north. 

Size and Form.— The various licks cover a space we esti- 
mated as having a length, east and west, of about 4,000 feet and 
a breadth, north and south, of 1,000 feet. 

Geology. — The various "licks" are here small in comparison 
with those at Cedar or Drake's saline. Still, that there are 
large salt masses not far below the surface in this region no one 
can doubt. Prom a casual look at the district, it appears that 
there is a rise of ground in the center, somewhat after the 
manner of "Lick Hill" at Price's saline. To the south of the 
log-tram that traverses this saline the hills are seen to rise very 
abruptly out of the semi-barren lick plains. Some forces besides 
mere erosion have been at work forming this topography. 

Half way back to Roehelle along the tram just mentioned, 
other small "licks" are seen. Vegetation is prevented from 
growing over patches several yards square by the licking of 
the ground by cattle that range in the woods. 
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Brown's Salinb. 

Location. — By wagon road six miles westerly from TuUos, or 
eighteen miles southeasterly from Winnfield, on the north bank 
of the Dugdemona. Time has not yet permitted us to visit 
and map this saline. 

Size and Importance. — Described as not so extensive as Cedar 
Bayon Saline, yet as having furnished much salt "before the 
war. ' ' This seems to be the locality referred to below by Smythe 
as SS. 14, 23 and 24, 10 N., 1 W. 

Salt Wells About Georgetown, 

At Bochelle. — Mr. Smythe, surveyor to the Louisiana Lum- 
ber Company gives the following notes relative to a deep well 
snnk at Rochelle with the hope of Snding an abundant supply 
of potable water. Depth of well, 1,780 feet ; water brackish at 
700 feet, becoming very salty below; limestone layer 4 feet 
thick penetrated between 250 and 300 feet; fairly good fresh 
water veins met with between 400 and 600 feet, water rising to 
within 10 feet of the surface ; limestone 40 feet thick betweeen 
600 and 700 feet; sandstone layer 5 feet thick at about 1,300; 
clay to hard rock at 1,780, where well was abandoned. 

At Tullos.—A well furnished brackish water at 300 feet; very 
ulty at 960. 

At Georgetown. — One hundred and fifty yards east of the I. M. 
and L. and A. R. S. junction and about 20 feet north of the 
L. and A. track. 

Well showed salt water at 480 feet, and casing was set on 
hard substance, supposed to be rock salt, at 510 feet. 

At Selma.— Mr. V. M. Mason, superintendent Grant Land ami 
Lumber Company, says a well was sunk by the mills to a depth 
of 400 feet. The first 57 feet were sandy; a sandstone ledge 
was met with at 350. At 400 feet salt water appeared; salt 
water rising from 12 to 14 inches above the general surface of 
the ground. This brine when boiled down gives 3% chloride 
of sodium. 

At Cedar Bayou SoZine.— (See Bull. No. 5, La. Geol. Surv.) 

At Winnfield Dome.— (See Bull. 5, La. Geol-'Surv.) 

At Coochie Dome. — (See Bull. 5, La. Geol. Surv.) 
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Drake's Sauns. 
Location.— About the middle of Township 12 N., Range 5 W., 
on Saline Bayou. 
Size. — Second only to Bistineau. See Pig. 16. 




'S SHOWIVS OHABAGTBRISTIC, 
SHALLOW BRIKB WELLS AROONO THE TRUNCATED DOMES 
LOUISIANA. 



' MORTHEBN 



Geology. — There are several "licks" that go to make up 
Drake's saline or salt works. They are level, barren patches 
arranged roughly in a circular form, and surrounded exteriorly 
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by low bills or knolls, as deaeribed under Cedar saline. No 
outcrops are to be seen in the iminediate yicinity of the licks that 
carry fossil remains, though from the many small prairies but 
a few miles distant it is to be presumed that the hill land in 
the immediate vicinity of the licks is all referable to the Lower 
Claiborne sub-stage. At Rock Bluff, as indicated in Pig. 16 
there is a bluff of steeply dipping calcareous sandstone of the 
general appearance of that at Cooehie Brake. 

The position of the "artesian well" frequently spoken of in 
connection with this saline is shown in Pig. 16. Hoarding the 
same Veateh remarks (La, Q. S. '02, p. 60): "The artesian 
well is said to have passed through solid limestone for its whole 
depth, 1,011 feet, and Hilgard reports that a few of the frag- 
ments taken from the hole which were to be seen at the time 
of his visit were almost identical with the 'rotten limestone' of 
Alabama and Mississippi, or Upper Cretaceous. The brine from 
this well has a temperature of 75° P. and ^e gas which escapes 
with it will su|iport a flame half an inch in diameter and sis 
inches high." 

Serious doubts have been felt as to the real depth of this 
so-called deep artesian well. It seems to us a temperature of 
90° F. would be more in accordance with what would be ex- 
pected from waters coming from any such depth. Again, the 
extreme weakness of the brine is scarcely in accord with the 
great depth given. The mechanical difBculties that would arise 
in sinking a well 1,000 feet or more "in the early forties," 
long before the requirements of the oil fields of this country 
had called into existence modem drilling outfits, would have 
certainly been many and serious. 

Recently a test well has been sunk at the place indicated in 
Pig. 16 and a partial log has been published as follows (Veateh, 
Prof. Pap. 46, U. S. G. S., p. 300) : 

Partial section of test well at Drake's Salt Works, Sec 21, 
T. 12 N., R. 5 W., Natchitoches Parish, La. : 
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— Peet.— 

1. Yellow sand day to 5- 

2. White sasd, with water which steams all right in a 

boiler, but turns deep red and coats everything 
with a salty crust 5 to 42^ 

3. Cypress log, very much decayed, charred on one 

Bide 42 to 4a 

4. Soft sand, gravel and streaks of clay of various 

colors so mixed in drilling that we could not 

classify or give stratification 43 to 318 

5. Very porous crystalline limestone; crevices filled 

with white and yellow calcite crystals 318 to 475- 

"At 150 feet a foam found on the water which tasted very 
much of alum, puckering the mouth very much." 

Samples from stratum 5 are in every way identical with th& 
limestone found at the Winnfield "Marble Quarry." 

According to the driller in charge of the well March 24, '06, 
the time of the writer's visit, the log of the completed well may 
be stated in outline thus*. 

— Feet.— 

Soil, muck, pebbles, logs to 303 

Limestone (like "Winnfield marble) 303 to 910 

Salt 910 to 2,320 

Gypsum bed at bottom 2,342" 

Under date of August 17, '07, Mr. J. H. Brewtan, P. M., in- 
forms us : , " They have put down another well one-half mile 
north of the first one and have found quite a lot of gas and 
some oil, but no salt." 

Considering the recent developments in this field we would 
suggest the modification of Veatch's cross-section as given on 
p. 61, La. Surv. '02, into that given herewith, Fig. 17. Not 
only is this figure more in accord with the facts as known at 
present, but also here is a way of explaining the occurrence of 
salt licks arranged in a general circular outline. 

Note. — No enormous dislocation is postulated. 

Production. — Although salt is not being produced at this- 
locality now, the number of furnaces that were once runninK^ 
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Fig. 17. htpothetical. cross-section op drake's saunb, 

goldonna, i^. 

(Test -well is 2,742 feef deep.) 

especially in war times, indicate its importance in times gone by. 

For details and history of these works, see La. Geol. Surv., Rep't 

'02, pp. 51-64. 

Analyses of brines are quoted below from pp. 63-64 of our 
Report of '02. 

Analyses of brines from Drake's Salt Works, Winn Parish, La. 
(By Maurice Bird.) 
Constituents 
{in parts per hundred). I. II, III, IV. 

Sodium chloride. . ; 4.90 3.55 5.58 5.44 

Calcium chloride 184 .127 .303 3.56 

Magnesium chloride 142 .133 .135 .159 

Alumina 061 .066 .072 .055 

Other solid matter 083 .044 .070 .030 

I. Little lick, west side, old Drake lick. 
II. Smith's lick. 

III. Lower lick, old Drake well. 

IV. Upper liek, south side, in slough. 
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Pbice's Saline, 

Location. — Six miles northeaat of Drake's, SS. 25 and 30, 
13 N., 4 and 5 W., near the edge of- Dugdemona bottoms. 

Size.— See Plate XXX II. 

Geology. — But one small rock outcrop is known here, showing 
indurated material very much like that described at Drake's 
and Coochie brake. The presence of a dome-shaped hill between 
the various licks is, so far as North Louisiana is concerned, 
rather remarkable. Salt could doubtless be found at no great 
depth in the center of this hill. 

Froduction. — This never was of great importance in salt pro- 
duction. For history and details in general, see Veateh's article, 
La. G<ol. Surv., '02, pp. 64-69. 
Aiialysis of brine from Price's Salt Works, ^Ymn Parish, La. 
{By Maurice Bird.) 

Per hundred. 

Sodium chloride 3.14 

Calcium chloride 079 

Magnesium chloride 138 

Alumina 050 

Other solid matter 030 

Eaybubn's Saline. 

Location. — Section 31, 15 N., 5 W., about eight miles from 
Bienville. 

Size and Form.See Fig. 18. 

Geology. — From the southeastern part of this saline, Hilnard 
(Supp. and Final Rep't Geol. Ree. La. 1873, p. 30) reports 6 
feet of crystalline limestone and 2 feet of gypsum. Veateh 
shows on Fig. 18 where Cretaceous fossils are to be found. He 
remarks: "On the little knoll east of the lick the soil is very 
black and waxy, with numbers of Gryphaea vesicularis and a few 
Exogyra costaia, and pieces of selenite scattered over the aur^ 
face. In the little gulliea is exposed a very fine grained; white, 
chalk-like limestone containing a well-preserved Upper Creta- 
ceous fauna. Limestone containing poorly preserved fossils is 
to be seen about half a mile north of the old works. 



.coy Google 



La. Gbol. Subv. Rkp't of 1907, &mx. No. 7, Pl. XXXII 





t* 


'^ t A 


■^ : 


*^ 




M 

■ — ^,r 


> LieH 


.•-.•.f'S — 




1 >■■■•:■ 


■'•'•ij^^-.... 








C^>-V; 




'! ■ O^r (.Itk 


/■■'"'■•- 
£...- ..,„ 


•..),«, 



Map of Prick's Saltnb, North I/OUISIana 



Digitizecy Google 



,0, Google 




CretaceoM I»wer se]l Wells *"'' ^" 

Claibooie FnrnaMs 

Fig. 18. map op baybukn's saline, by a, c, veatch. 

Most of these have been figured and described in the report of 
this survey for 1899, pp. 292-297, Plates 49, 50 and 51. 

Production. — Although fhis saline as well as others in Lou- 
isiana is not producing salt, Veatch has figured that at one time 
it has yielded as high as 1,000 bushels daily. For a history of 
early operatiens, see La. deol. Surv. Rep't '02, pp. 72. 73. 
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A7tali/sis of Brine: Raybum's Salt Works. 
(Maurice Bird,) 

Sodium chloride 4.60 

Sodium sulphate 022 

Calcium sulphate 322 

MagnesiiuD sulphate 029 

Alumina .061 

Other solid matter, partly in suspension 030 

King's Saline. 

Location. — Fourteen miles west of Raybum's, on the low lands 
of Bayou Castor. 

Sue and Form.— See PI. XXXIII. 

Geology. — Gray fossilferoua limestone fragments have been 
obtained from King's well. They show Exogyra costata, Lima 
pelagica, Gryphaea vesicularis, Turritella trilira, Liopiatha pro- 
texta, and an Anomia. In Neil's well, half a mile northeast of 
King's well, where the Sparta-Coushatta road crosses the rail- 
way, between depths of 17 and 21 feet, dark, fossiliferous, sandy 
clays oeeur of typical Ripley Cretaceous aspect. 

Production. — For "war-time" production and general history 
of this saline, see Veatch, La. Geol. Surv. Rep't, '02, p. 77, 
Analysis of Brine, King's Salt Works. 
(Maurice Bird.) 

Per cent. 

Sodium chloride 6.940 

Calcium sulphate 010 

Calcium chloride 152 

Magnesium chloride 135 

Alumina .148 

Other solids 065 

BiSTINEAU SaLLVE. 

Location.— L&ke Bistineau bottom; T, 18 N., R. 10 W,, S3. 
25, 26, 35, 36. 

Size. — Largest of North Louisiana salines. See PI. XXXIV". 

On the northern edge of Stansberry Island there is an out- 
crop of yellow marl or very soft limestone. It extends almost 
to the gOTemment wells and contains large niunbers of Gryphaea 
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Map of King's Saline, North Louisiana 
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vesicularis and Exogyra costata, both typical Upper Cretaceous 
species. A number of fragments of white, highly crystalline, fos- 
-siliferous limestone were found here, evidently taken from tb" 
wells. This limtstone is lithologlcally very much like the highly 
crystalline limestone at Winnfield and contains the fauna found 
in the soft, chalk-like limestone at Rayburn's. 

It is reported that during the war a deep well was bored near 
the mouth of Hodges cretk. This well at a depth of 125 feet 
struck a rock which they could not penetrate. The precise loca- 
tion of this well could not be learned, but from its approximate 
location it would indicate the westward component of the dip at 
this point to be not l<"ss than 9° nor more than 20°. 

Production. — Large quantities of salt were produced here dur- 
ing the Civil War. For particulars regarding: methods of pro- 
duction, as well as details of the saline in general, see Veatch's 
Report, La. G. S., '02, p. 83. 

Brine Analyses: Bistineau Salt Works. 
(Maurice Bird.) 

Bryan's Potter's Head of Salt 
Well. Pond. Island. 

Sodium chloride 8.450 7.810 3.800 

Calcium chloride 234 .301 .081 

Alumina 056 .052 .056 

Other solid matter 088 .061 .0S8 

Magnesium chloride 102 .156 .083 

■Grand Saline. 
(See Chapter 4, Texas. Grand Saline.) 

Location. — Van Zant County, on Texas and Pacific Railroad. 

iSise.— One mile east and west, and one-half mile north and 
south. 

Geology. — Dumble gives depth to salt, 225 ft., and thickness 
of salt penetrated without reaching bottom, Veatch regards the 
salt as resfularly bedded, showing no dome structure. See U. S 
G. a.. Prof. Pap. No. 46, 

Salt Production. —BTme from shallow wells evaporated for 
■salt over 30 years ago; now better brine obtained from deeper 
wells. See Penrose Tex. Surv., 1st Ann'l, p. 35. 
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Palestine Salinb. 

Location. — Six miks southwest of Palestine. 

Size.— Oae mile east and west and one-half mile north and 
south. 

Geology. — Surrounded by hills 60 ft high, often showing 
white limestone with Cretaceous fossils. The limestone is capped 
with ledges of sandstone. See Penrose Tex, Surv., Ist ADn^, 
p. 35. Koek salt penetrated here 104 ft. 
Steen's Saline. 

Location — Smith's County, 14 miles north of Tyler, 5 miles 
east of Lindale, Carmona headwright. 

Size.— A prairie, one-half to three-fourths mile wide and 1 to 
2 mil^ long. 

Geology.— Limeatooe owtcrops, in surrounding hills from 30 
to 60 ft. high. 

Production. — Large quantities of salt were produced during 
the Civil War, employing 3,000 Confederate soldiers. (Herndon, 
2d Ann'l Kept., Tex. Surv., p. 223.) Twenty furnaces made 
12,000 bushels daily. It took 190 gallons to make one bushel 
of salt (Buckley).. 

Brooks' Saline. 

Location. — Southwest part of Smith County, 17 miles south- 
west of Tyler. 

Size. — One-half to three-fourths mile wide, 2^^ miles long. 

Geology. — Surrounded by Cretaceous hills (Herndon, 2d Tex, 
Rep., p. 223), 

On. CiTT. 

The oil iuvestigations about "Oil City," Nacogdoches County, 
have proven nothing as to definite anticlinal or dome structure. 
The locality is of interest here mainly on account of its position 
on the southwest angle of the Sabine, Eocene peninsula already 
described. 

Graham's and Stiver's Salines. 

These we have located from Hager's map.* Two others 
farther east he indicates without names. Note the general par- 
allelism of the alignment of these salines with the lines dividing 
the Enpine stages. All are obviously of the same general char- 
acter as the north Louisiana salines. 
■Eng. and Mln. Jour., July 28, 1901. 
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Though these domes may penetrate the base of the Oligocene 
series, it is a most interesting and noteworthy fact that prac- 
tically the -whole area where beds of this series occur at the 
surface is without domes. 



DOMES; OR, STR-UCTURAL PECULIARITIES OF THE 
SALT-BEARING LOCALITIES OF LOUISI- 
ANA AND SOUTHEAST TEXAS. 



General Stratigraphy op the Mississippi Embayment. 



The stratigraphy of the area included under the well-known 
term Mississippi Embayment was early worlied oat in a general 
manner by Dr. E. W. Hilgard. The results of his labors east 
of the river were embodied in his "Agriculture and Geology of 
Mississippi," published in 1860; those west of the river in an 
article published in the American Journal of Science, 1869,* 
and in various subsequent publications. The main features of 
the geology of Louisiana, as well as easternmost Texas, were 
found to be, broadly speaking, what might have been expected 
from geology east of the Mississippi ; yet, even at this early date, 
Hilgard recognized some remarkable features in Louisiana, hav- 
ing no counterpart in Mississippi. The Five Islands he had 
already studied and along with Thomassy and Gossmann had 
puzzled over their origin.! However, leaving the question of 
the local peculiarities aside, Hilgard, in 1869, had a fairly accu- 
rate knowledge of the general stratigraphy of the area here un- 
der discussion. That is, he then knew well that the general 
dip of the rocks in Louisiana was in a southeasterly direction, 
at right angles to the general strike of the Tertiary and Cre- 
taceous formations, as shown in Texas, Louisiana and Arkansas; 
that if one should leave the Gulf coast and go inland, say up 
the Sabine or Red River, into the hill-land of north Louisiana, 
he would pass over the outcropping edges of older and older 
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ternmes. In other words, the southerly dip of the ^ 
ranes is greater than the slope of the land in the same direc- 
tion. It is unnecessary here to go into details l:egarding 
Hilgrard's and Hopkins' mistaken identity of tie Vieksburg 
■'group" in west Louisiana and their mistaken ideas regarding 
the stratigraphy of their strange "Mansfield group." Anyone 
desinng to see by what means and when these errors were cor- 
rected can consult the reports of this Survey for the years 
1899. 1902 and 1905. The frontispiece, Plate I of the Report 
of 1902, gives the general scb«ne of formations of Louisiana, 
and the sectioned-model shown as Plate II of the same Report; 
indicates clearly the way these formations are related some 
distance below the surface. In the present Report we wish 
to call special attention to the features referred to above as 
"remarkable," for herein lies almost a new field of research, 
one, too, that is to explain the origin of a great share of the 
mineral wealth of the State. 

Salt, Gypsum, Sulphur and Limestone Masses. 

With a general idea regarding the stratigraphy of the State 
in mind, as stated above and as indicated in the illustrations 
just referred to, imagine near the surface of the several forma- 
tions at localities shown by black spots on Plate XXIV, im- 
mense masses of rock salt, lenses of gypsum, limestone, sulphur, 
alone or in juxtaposition, superimposed one upon the other, 
having no regular shape or no fixed manner of bedding, drenched 
here and there mth salt water, strained with oil and gas 
pressure in places to such an extent as to blow out drills, easii^ 
and all, from wells as soon as the imprisoned forces are reached 
and liberated. 

Ililgard's Interpretation. — AVhat is the meaning of such 
strange oRcurrenees in a region of such generally monotonous and 
simple stratiffraphy ! Clearly these masses of material are for- 
eign to the rei^ularly bedded Tertiary and Quaternary sands 
and clays. This was pointed out by Hilgard as early as 1869. 
His earliest impressions, to be sure, regarding the salt of Petite 
Anae were that it had been concentrated in Quatemaiy basins 
or lagoons, but such ideas were quickly abandoned after he had 
made a reconnoissance of the salines of north Louisiana and 
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had not only seen something of the obvious tilting of the rooks 
about these areas, but had actually found Cretaceous fossils 
about their borders. 

The outcrop of the regularly bedded Cretaceous terranes, it 
will be noticed, are many miles to the north and west of the 
north Louisiana salines. The association of salt with Cretaceous 
fossils and crystalline limestones, in north Louisiana, the occur- 
rence of similar limestone in St. Landry Parish, the presence of 
sulphur and gypsum beds of great thickness in Calcasieu Par- 
ish, naturally led Hilgard to conclude that all these substances, 
foreign to the Tertiaries, should be classed with the Cretaceous. 
The piercing of many thousands of feet of Tertiary and Quater- 
nary beds by "the peaks of a Cretaceous ridge" was indeed a 
bold supposition, yet one that seemed justified in the light of 
the geological knowledge of that time. 

Hilgard frequently referred to this ridge as constituting th> 
"backbone" of Louisiana, extending in a northwest-southeast 
direction. 

Lerch's Explanaimt. — In 1893, Dr. Otto Lerch published, un- 
der the direction of the State Experiment Stations of Louisiana, 
"A Preliminary Report Upon the Hills of Louisiana." He had 
just visited and studied the salines of north Louisiana and 
had arrived at the following conclusions (Op- cit., pp, 72, 73) : 

At the close of the Mesozolc time enormous plutonlc forces con- 
vulsed, fractured, faulted and folded the cretaceus strata, throwing up 
mountain chains of vast extent and raisins ibem far above the wa- 
ters of the Kulf. It seems to us more than probable that these grand 
dlsturbanies Involved the whole of the southern Cretaceous, and that 
the enormous downthrow aloiiR the Balcones In Texas and the basaltic 
outbreaks alon^ that fault are contem pa raucous with the origin of 
the mountain chains in the Tertiary of that State and Louisiana. 
• • ■ ' If we could remove the covering mantle of Tertiary and 
drift we would yet see the chains and peaks of limestone ranges 
formed at the close of the middle age of our planet, altered Eomewhat 
by later erosion and denudation. 

Vaugkan'a Impressions. — Vaughan, in 1895," failed to observe 
the evidences of orogenlc movement described by Lerch, and 
says that "the Cretaceous strata at the Winn Parish marble 
quarry are almost horizontal, the limestone rising as a butte-Iike 

•Amar. Geol., Vol. IS, p. 208. 
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mass into the Eocene." So far as north LouiBiana is con- 
cerned, Vaughan seems to have reached the same conclusions 
as were maintained by Hilgard. 

Lucas' Work. — At about this time there were many new 
facts coming to light about the peculiar Five Islands in south 
Louisiana. Largely this was due to the industry and agitation 
of one man, Capt. A. P. Lucas, whose training in the Old World 
had acquainted him with, and taught him the meaning of, some- 
what analogous phenomena. While attempting to &nd artesian 
or some kind of "mineral waters" for Joseph Jefferson on Cote 
Carline, in 1896, Lucas hit upon a solid bed of roek salt at a 
depth of 290 ft.* In one instance a hole was bored to a depth 
of 2,100 ft. without passing through the salt mass. In 1897 
Capt. Lucas found rock salt at Grande Cote and Belle Isle. 
Of these islands Lucast briefly remarks: 

The geologic forrnallon of this series of Islands is undoubtedly 
Quaternary, while the salt deposits belong to the Tertiary period, and 
tire supposed to rest on the Cretaceous. 

The general result of his investigations, he affirms, haa been 
to demonstrate the existence of relatively small and isolated 
beds of the best rock-salt thus far discovered on this continent, 
all of which are accessible by shafts for mining. The teirm 
"small" applies to their horizontal area only. What they lack 
in this respect, as eomparec! with other known deposits, is over- 
whelmingly made up in their depth. 

His sections across the salt islands showing the shape of the 
salt masses, would have been greatly enhanced in value if only 
exact data were ^ven as to their location and direction.^ 

Louisiana Survey Work Under Harris.— Ju 1898 the State 
Geological Survey work was reorganized and the present writer 
placed in cha^e, and Mr. A. C. Veatch was employed as assist- 
ant. The salines of north Louisiana were visited and studied, 
and, early in 1899, Veatch investigated the Five Islands. The 
results of this newly organized department were embodied in 
"A Preliminary Report on the Geology of Louisiana," usually 
referred to as "La. Geol. Surv., Rept. '99.*' 

•Am. Inst. Min. Etie.. Tr., Vol. 29, 1899, p. 469. 
top. City, p. 466. 
top. City, p. 470. 
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Herein was brought out the important fact that id the best 
cases of faulting and folding observable, the Winnfield-Cooehie 
district, there was rather a northeast-sooithwest trend than a 
northwest- southeast trend, as held by Hilgard. The presence of 
one continuous backbone, as described by that author, was de- 
clared disproven. Extensive orogenic movements were shown 
to have taken place In one of the Cretaceous areas at least after 
middle Eocene times, Veatch failed to find any definite proof 
of the origin of salt on the Five Islands or proof of the origin 
of the islands themselves. But his investigations on Belle Isle 
showed conclusively how very recently some of the orogenic 
movements have taken place. The Cretaceous age of the salt 
beds seemed perhaps most plausible, as Hilgard had long ago 
pointed out. 

Lucas' Spindle Top Gusher. — More work was being done on 
the salines of north Louisiana in 1900 and 1901, when suddenly 
the commercial and geological worlds were astonished at the 
marvelous results of Capt. Lucas' boring on a slight rise of 
ground known as "Spindle Top," three miles southward from 
Beaumont, Texas. Oil at this place seemed to indicate that 
perhaps, although no salt was known at Spindle Top, there 
was some relationship betweeen oil and salt mounds and low 
domes and salines. The sulphur encountered indicated, further- 
more, that there is something in common in this part of the 
world in the collection and segregation, if not in the origin, of 
salt, oil, gas and sulphur. Every low swell of ground, every 
known seepage of oil, every locality where gas was known to 
be issuing from the ground; in short, practically every spot 
that seemed to show the existence of what we now call domes 
at or hencath the surface was quickly leased; and from Jan- 
uary 10, 1901 (Lucas' first gusher) to the present date drill- 
ing for oil has been prosecuted with remakable vigor. January 
10, 1901, may well be considered the date of the commencement 
of our education regarding a new type of geological phenom- 
ena—we refer to the origin and method of development of local 
dome structure. 

Dom^ Structure Explained by Gas Pressure. — Lucas* himself, 
to whom the credit belongs of starting this new branch of geo- 
*ScL, Vol 11, 1»1, p. U7. 
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logical jnvestigation, was inclined to think the dome structure 
of Spindle Top due to gas pressure from the great pool of oil 
1,000 or more feet beneath the surface. He was, naturally, at 
that time unaware of the great mass of roek salt that we now 
know underlies this remarkable locality. 

Harris' Early Views Regarding Spindle Top. — Our own im- 
pressions regarding the new geological problem propounded by 
the Lucas gusher were doubtless lai^ly influenced by what 
we had learned regarding dome-structure in Louisiana. Shelt 
fragments from near the bottom of the well seemed to belong- 
to a very late Tertiary or Quaternary horizon. But specimens- 
of so-called cap-roek seen in Beaumont indicated the very same 
type of porous limestone we were so familiar with in con- 
nection with Cretaceous uplifts and fossils in North Louisiana. 
Our conclusions, as expressed in the New Orleans Picayune- 
March 27, 1901, ran as follows: 

The scanty evidence at hand would therefore Indlc&te that thtt- 
SUBher Is situated on the top of a Cretaceous anticline or told, and- 
tbat the pressure Is from gaa so commonly encountered In Btructurea 
of this type. That the supply of oil Is conBiderable cannot well be 
doubted, but that il will continue to gush long la very doubtful. 

The Sheet Oil Explanation. — Other geologists, as late as Maj^ 
29, 1901, clung to the strange idea that the pressure was hydro- 
static and that the oil was to be found in extensive sheetv 
throughout this part of the country. Note a eommunieatioii- 
to the Times- Democrat of the date just named: 

The well driller may experiment « fth safety In the Beaumont-, 
field without fear of structural complications, with a reasonable as- 
surance that oil is apt to be found anywhere wlbtlp the region of th«- 
coast plain above the oil -impregnated sands. The oil should be found 
at decreasing: depths at the rate of seven to ten feet per mile alonc^- 
the line drawn from Beaumont to Oil City, In southern Nacodochea 
county. The pressure and quantity will both likewise decrease away 
from Beaumont along this line. 

However, the number of dry holes around and in close prox- 
imity to the Spindle Top Gusher, together with the fact that, 
the many wells drilled showed a considerable doming of the oil- 
bearing; bfds in the center of the field, soon routed the adherents 
of simple structure for the localities where salt, oil. gas. sulph'ir- 
and accompanying limestones are found in south Louisiana and? 
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southeast Texas, E. T. Dumble, former State Geologist of 
Texas, sent a communication to the Secretary of the American 
Institute of Mining Enginers that was published in Vol. XXXI , 
in 1902 (p. 1029 et seg.) of the Transactions, in which he ar- 
gued for a Pliocene age for the oil-producing rocks of- Spindle 
Top. He speaks of flexures to the north of Beaumont, but says 
nothing regarding the structure or extent of the Spindle Top 
field. He intimates the continuity of certain rocks of the re- 
gion in the phrases: "The rock-salt and gypsum deposits of 
the coast country, extending southward to the Rio Grande • " • 
are simply a continuation of similar deposits in Louisiana." 

Zmeas Convinces Bill of Dome Structure. — The presence of 
anticlinal or dome structure at Spindle Top seemed very dif- 
ficult for some geologists to grasp. Professor E. T. Hill admits 
in Science {Vol. XIV, Aug. 30, 1907, p. 327,) liiat it required 
a second visit to Spindle Top after a visit to Damon's mound, 
and Capt. Lucas' persuasive arguments, to convince him of the 
dome feature at this locality. He then concludes .- , 

One thing Is certain, ihia oil occurs In underground pools, antt 
ajiother thing Is probable, that the pools underlie dome-shaped anti- 
clines In the new-made recent pralrlea. Furthermore, these uplifts 
are most probably due to Isostatlo movements rather than accutnula- 
Iktlons ot gas. 

Veatch Proves Dome Structure of Salines in North Louisi- 
ana. — Before summer of 1902, Veatch had completed a re- 
markably detailed survey of a lar^ number of "salines" in 
north Louisiana and had fully determined the great probability 
that all possessed quaqnaversal or dome structure. (See La. 
Geol. Surv., Rep't '02, p. 61 et al.) He also indicated the re- 
lationship of some of these structures to each other, and indi- 
cated thereby lines parallel to the Balconea faults of Texas. 
(See PI. XXIII, '02.) 

Harris Proves Great Uplift in Sour Lake Field. — The present 
writer was likewise in Louisiana in the early part of 1902 and 
studied the Anse-la-Butte and Jennings fields, and crossed over 
for a visit to Sour Lake. He there collected a good Jackson 
Eocene fauna from the material brought out near the bottom 
of a 1,500-ft. well and called attention to the great significance 
of this discovery in the Louisiana report of '02 (pp. 25 and 274). 
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It is obvioiis tlLat if Jacksoa foasUs are found ia a well at 
Sour Lake, accompanied, by the way, by very hot water, while 
four miles to the southeast 1,900-ft. well flows only warm water 
And shows from its lowest drillings a Miocene or Oligocene 
fauna, there must be a moat remarkable dip in this direction. 
This, so far as we are aware, is the only instance where Eocene 
fossils have been brought up in any drilling south of the Oligo- 
cene band shown on Plate XXIV. 

EXFLANATOBT HYPOTHESES. 

HUl's Theory of Ascending Hot Brhie. — In this same year 
Prof, Hill published an explanatory hypothesis of what he 
termed the "oil-phenomena" of the Coast Prairies. At this 
stage of the development of the study of dome structure this 
hypothesis was a very important contribution. Thomaasy had 
long ago guessed at certain volcanic and hot-water phenomena 
that might have produced the salt masses of the coast. Capt. 
Lucas, however, had become convinced of the secondary charac- 
ter of not only oil and gas, but salt, gypsum, dolomite and so 
forth, distinguishing them from "the mother-strata or sediments 
out of which they had been produced. "• Hill acc^ted Lucas' 
conclusions and explained, by his hypothesis, the source and 
distribution of the substances above enimaerated in the domes 
of south Louisiana and Texas. Hia hypothesis reads : 

Frank. Inst. Jour., Vol. 1B4, p. 213, 1902. 

The oil and salt pockets of the Tesaa coastal plain aro probably 
not Indigenous to the strata in which they are found, but are the 
resultant products of columns of hot saline waters which have as- 
cended, under hydrostatic pressure, at points along lines of structural 
weakness, througli thousands of feet of shale, sand and marine lit- 
toral sediments of the coast plain section, through which oil and 
sand are disseminated in more or less minute Quantities. The oil. 
with sulphur, may have been floated upwards on these waters, and 
the salt and dolomite may have been crystallized from the saturated 
solution. 

The channels of these ascending waters may have been In places 
of structural weakness, such as fissures, which probably at one time 
continued to the surface, but may have been sealed by the deposition 
of the latter overlapping strata now capping the oil pools. Such 
features, when occurlng und^ gentle anticlines, miiy explain the col- 
lection of oil beneath the surface In pools. 

There Is much evidence that the present and former coast plains 
of Texas, marking the recedence of the old shore line of the Qulf 
of Mexico from the Rocky Mountain region to Its present site, has 
experienced periods of pause, producing a series ol concentric shore 

134 
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lines, accompanied by taultinK. It la a algnlflcaDt fact tha.t in another 
part ot Texaa, adjacent to a. region which was at one time a coast 
line of the Gulf of Mexico, there exlata auch a line of weakness. The 
great Balcones fault, which the wrtler has frequently described, la 
of this character. It Is very probable that, aiong the preaent coast 
line, similar faulting took place In Boceue time, and that the evidence 
thereof has been obscured by overlapping of the Qrand Gulf and later 
formationa which veil the coast prairie. 

If theae deeply embedded water-bearing atrata, under tremendoiw 
hydrostatic head, exist beneath the coast pratrle, their waters would 
paaa' through any natural channels, such as fault-flsaures, through all 
the known sheet-oU horizons of Texas, except those of the Carbon- 
iferous formation. Such hot water would gather from the roclu, 
which are known to contain them, oil, salt, lime, sulphur and gypaum; 
and the oil gathered from these atrata would be floated on the ascend- 
ing saline waters. 

If ascending columns of oil and water of this character should 
meet resistance near the surface, we could well conceive of the forma- 
tion ol such a pool as that beneath Spindletop HllL To produce such 
a formation, which would be practically like the end of a "mushroom" 
bullet. Urn's must be resistance; and this resistance would naturally 
come from an impervious formalion. The overlap of the X [Neocene] 
beds of the coast prairie, stopping the free exit of the vater upward . 
through the faultlinea, would prod'ice such a resistance; and this 
overlap is believed to have taken placeu 

At any rate, should auch a column o( ascending water, with oil 
on top of it, reach a resistance near the surface, a subterranean pool 
ot oil would result, such aa we find at Splndletop, Furthermore, the 
reaction which would take place In the column of water below the soil 
could theoretically account for all the after phenomena ot the coast 
prairie mounds, such as the Salt Islands of Louisiana and Damon's 
Mound, and the dolomite of Big Hill. 

It is a remarkably Interesting f^ct that In the mammoth spring 
of the Balcones fault zone, between Austin and Del Rio, we have an an* 
alogous group of data showing the rise of subterranean water in spots 
along a line of faulting. Along this line great columns of water are 
now rising, not continuously, but In spots, like the supposed ancient 
artesian springs at Austin, San Marcos, New Braunfels, San Antonio, 
Fort Clark and Del Rio. 

It is true that theae waters do not bring any perceptible oil to 
the surfuce; but this is easily explained, since they pass mostly 
through limestones and non- bituminous struta. On the other hand, 
had they been, as the old structure of the coa^it prairie has been, 
overlapped by more recent formations, they would constitute columns 
of suppressed water, like those we have theoretically supposed beneath 
the coast prairie. 

A remarkable discovery baa been made within the past lew weeks. 
Indicating the correctness, from a sclentiflc point of view, of Captain 
I-ucas' theory that the mounds were the loci ot his groups of oil phe- 
nomena, and supporting the hypotherla of ascending waters. In 
Brazonla county, Texas, some 350 miles west of Belle Isle, Louisiana 
(almost as far aa Philadelphia from Cleveland) , the lonely mound 
known as Damon's Mound, similar to those of the J-:Oulaiana Salt 
Islands, rises out of the prairie. This has been penetrated, and proven 
to be an anticlinal dome similar to that of Belle Isle, with a similar 
stratlgraphlc section: Pleistocene sand and clay, with traces of sul- 
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pbur In tbe surface layers; oil, then sulphur, and for its lower TOO 
t«et pure rock salt, with occasional traces of oil, demonstrating- tha 
occurrence of the tatter substance, but not In commercial ciuantlties. 

Now the question raises, Is Daihon's Mound a fossil oil hlil, be- 
neath which the oil existed but has passed away? If so, why not 
also the Five Islanda and other salt islands of Lgulslana? 

To appreciate the full value of Hill's su^estive theory one- 
must consult his original article. But the outline of the princi- 
pal points of its bearing on salt-mound formation may, w& 
hope, be gathered from the above quotations. In passing, one 
cannot help noticing the very rapid shifting of Hill's ideas re- 
garding the geology of the Coastal Plains, especially as regards 
the oil-salt localities. May 29, '01 (see Times-Democrat quota- 
tion above), he was unaware of any structural peculiarities in 
the Coast Prairie. In August, '01 (see reference to Science- 
above), with Lucas' aid he admits "dome-shaped anticlines, " but 
does not think they were produced, as Lucas did, by gas pres- 
sure, but by "isostatic movements." Finally, May 14, '02, at 
the joint meeting of the American Institute of IGning Engineers- 
and Manufacturers' Club (see Jour, Fran. Inst., as quoted at 
length above), although faults and monoclines are inferred to. 
exist below the coast late Tertiary and Quaternary formations, 
he seems to suggest that the real local mound or dome-producing 
force is the hydrostatic pressure of columns of hot salt water 
and oil. However, we believe his unconditional acceptance of" 
Lucas' idea that salt, gypsum and attendant substances so inti- 
mately associated in Louisiana and Texas domes are the result 
of secondary replacement, and his own assertion that the re- 
placement has been brought about through "the agency of the 
ascending circulation of saturated briny waters" do him credit 
and go a long way toward explaining the dome-structure '>r 
this section of the country. 

Kennedy and Hayes' Contribution. — Perhaps since the date 
of the Lucas' "gusher" no geologist has been in the Aeld, in 
direct contact with e^ery-day developments, more continuously 
than Mr. William Kennedy of Austin, Texas. A joint paper 
by himself and Dr. C. W. Hayes of the U. S. GJeological Sur- 
vey appeared in 1903 as U. S. Bulletin No. 212. 

Looked at from the standpoint of increasing our knowledge 
of dome-structure this report contains several good points. The- 
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collection and correlation of facts so that definite sections acron 
Spindle Top could be made (see Fig. 2) ; the recognition of an 
interrelationship of the varioiia domes along certain lines (see 
their PI. VII) ; the admission that the domes are structures of 
a wholly different class from the Appalachian anticlines; the 
somewhat hesitating admission that "it may therefore be neces- 
sary to refer their origin to supersaturated solutions coming 
through fissures opened along a fault line. These we believe to 
be helpful facts and suggestions in the right direction. On the 
other band we have not the slightest faith in the reliance 
placed by these authors in determinations of the horizons pen- 
etrated at Spindle Top by various paleontologists. Nassa beau- 
montensis is, so far as we can judge from Aldrieh's description, 
no more nor less than the common and well-known recent 
N. acuta. Neither Tomatina canaliculata, TurbonoUa, sp. nor 
young Mactra furnish any clue to the Pliocene age of the beds 
from a depth of 390 ft. Nor does 0. virginica mean Miocene 
more than Pliocene or recent. Nor do Ostrea, Turritella, and 
Mactra in any way mean Eocene or Miocene. In fact, so far 
as we can judge, no palentological evidence, as published in 
Bull. No. 212,- has been deduced to show the beds penetrated at 
Spindle Top from surface to cap-rock other than Pleistocene or 
recent deposits. Again, it seems a little peculiar that Bulletin 
No. 212 should be published in 1903, and that both authors 
should have been in the field early in 1902, and that in the sum- 
mer of 1902 Report of the La. Gteol. Surv. '02 should have beea 
published containing an accoimt of a most interesting and re- 
markable fauna at one of the Sour Lake wells, based on fossil)/ 
collected early in 1902; yet we read in Bull. 212, p. 118: 

No foasllB have been obtained from any of the wells thus fat 
drilled and It is therefore Imposilble to make definite statements re- 
garding the geologic horizon of the oll-bearing sands. It appears 
probable, however, that the principal productive horizon Is the same 
as thai at the Bplndletop pool, although the character of the beds Is 
different. Not enough drilling has yet been done in this district to 
determine Its limits or its structure except in a very general way. 
The Indications point very strongly to an anticlinal or dome struc- 
ture, Bimllar to that of the Beaumont pool. The deformation appears 
to be less abrupt in this case, and it has Influenced the surface con- 
tours only to a very alight extent. 
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Moreover, though on PI. VII there are suggestions that there 
is BOme kind of relationship between mounds of a northeast- 
3outhwfflt alignment, the equally obvious relationship along 
northwest-southeast lines is not indicated. 

Coste's "Volcanic Origin of Petroleum."— In 1903 Eugene 
Coete read before the Canadian Mining Institute an important 
paper on the volcanic origin of natural gas and petroleum. He 
remarks (p. 17, author's ed.) ; "On this continent in the newly 
discovered oil fields of Texas and Louisiana, and also in the 
California fields, we have many no less direct evidences of vul- 
canism, though they do not appear to have been understood in 
their true light. These are in Louisiana and Texas, the Rait 
Islands and the 'Mounds' of the Coast Prairie such as the 
famous 'Spindle Top,' near Beaumont, which are clearly noth- 
ing else but 'sufSons' or 'salses,' hardly extinct yet, grouped 
along fractured lines and marking in that region the dying 
out of vulcanity; that is to say, the dying distant echo of 
that tremendous volcanic energy, which, a little farther south 
in Mexico, Central America and in the islands along the south 
coast of the Caribbean Sea, is to this day so powerfully active." 

Again (p. 31), we "claim that this line of faulting gave ac- 
cess to volcanic emanations bringing the water, salt,' sulphur, 
oil and gas from the interior in the state of vapors and gases 
which condensed more or less near the surface, some escaping 
yet in their gaseous state as the hydrogen sulphuretted and 
natural gaa." 

It will be noticed that salt and salt waters are only inci- 
dentally mentioned in this paper. But enough is said to show 
that the author believes them to be of volcanic origin along 
with oil and gas. He leaves us entirely in the dark as to why 
vapors should condense "more or lees near the surface," how 
"mounds" and "salt islands" are built up, or what the direc- 
tion and location of the "lines of faulting" may be. Some 
salt we know to be of volcanic origin. But the majority of the 
vast salt sheets embedded in the rocks have been precipitated 
from condensing sea-waters. We are inclined to suggest that 
there may also be more than one way for accounting for the 
immense quantities of petroleum and natural son stored awav 
in the earth's crust. 
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Hager's Volcanic Plu<} Theory. — In the Enpneering and 
Miniog Journal for July 28, 1904 (pp. 134, 180). appears a 
very important contribution to the domes of the region under 
disaussion by Lee Ha^r. Though the title of his article is "The 
Mounds of the Southern Oil Field." he maps and refers to 
pmctically all the domes (oil fields, "islands," buttes and sa- 
lines) between the Mississippi and Colorado rivers. This is the 
first resume of dome structure in the broad sense used in the 
present publication. 

A thorough comprehension of the subject is admirably shown 
in Hager's summation as follows: 

1. The CretaceoQs salines In Northern Louisiana and Toias, the 
Eocene salines of the Sabine river and other localities, tbe upper 
Tertiary salines and mounds near the Oulf — all present the sama 
condltlona ot geological structure, and are probable due to the opera- 
tion of the same natural causes. 

2. All of these localities represent areas of uplift, with cottBlder- 
abie but varying degrees of faulting, plication and dtsplacement. Tli« 
area aflected In every case Is limited. The surrounding countn' rocka 
show no considerable deformation. 

3. HorlEontal compression alone Is Inadequate to produce sueb 
conditions of structure; the thrust must have been mainly from be- 

i. All Of the mounds and salines thus far prospected have shown 
the existence, singly or In combination, of certain phenomena peculiar 
to these localities — sail, svpsutn, sulphur, dolomite, petroleum, aul- 
phuretted hydrogen, sulphur dioxide, hydrocarbon gases, hot sulphur- 
ous and saline waters and metallic sulphides. 

In searching a cause for all these conditions and phenomena. 
Hager seems to feel that Hill's theory, as already quoted, may 
account for the materials, but dome-structure is very ill ex- 
plained by columns of hot water and oil under hydrostatic 
pressure, sealed and held down by a comparative superficial, 
impermeable late Tertiarv or Pleistocene layer. 

Whether Hager's hypothesis as outlined below will bear the 
results of future research or not, he deserves much credit for not 
only seeing the whole subject in a broad and philosophic 
light, but attempting to substitute a better hypothesis for the 
weak point of Hill's theory, namely, some reasonable cause for 
dome structure. Again, another important step in advance is 
taken by Hager. He clearly states that the deep-down, under- 
lying rocks are "involved in the dome-like folding.*' 
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No one can appreciate Hager's article without seeing and 
reading it all, several times; but we can only give here what hn 
styles the "bald OMtline" of his hypothesiR; 

The movement which resulted in the great Ba I cones fault, or 
a similar movement In late Tertiary times, extended to the rock sheets 
below the present coastal plain, accompanied by igneous activity, aa 
In the vicinity of the fault itself. Fault blocks resulted, thrust up by 
Intrusive masses of igneous material In the form of laccoliths at great 
depth. Owing to the nature of the Tertiary deposits, yielding clays, 
marls and quicksands, the faultine' proper was conhned to tbe deep- 
lying Indurated lower Cretaceous and Carboniferous rocks. In th« 
unconsolidated materials of the overlying Tertiary and upper Cre- 
taceous dome-like structure resulted, due to the vertical thrust of the 
fault blocks pushed up by the intrusive masses In the form of lacco- 
liths. 

By contact with the molten instruslves, vast quantities of gas were 
' generated from the reduction of metallic sulphides and the dlstilla- 
f tlon of lignites and organic s^:bstances. These gases, accompanied 
; by steam under tremendous pressure, forced their way to the aurfac« 
' through the unconsolidated sands an! clays of the overlying Tertiary 
J material, perhaps giving rise to mud volcanoes, such as occur in many 
r of the world's great oil fields of the present day. Heated waters from 
great depths found vent along the same channels, carrying in solu- 
•; tlon carbonates of lime and magnesium, gypsum and salt. By ebulU- 
I tlon anf evaporation these solutions became concentrated until, sat- 
uration resulting, precipitation commenced, forming the neck-Ilka 
masses of salt, sypsum and dolomite now encountered with the cool- 
ing of the intrusive masses and the choking of the vents, the process 
practically ceased, A period of subsidence followed, during which the 
coastal Quarternary beds, which at present cap the mounds, were laid 
down, followed by a secondary movement along the old lines of weak- 
ness, resulting in tl.e present elevation of the moui ds above the sur- 
I rounding prairie. 

\ The function of these quaQuaversal areas of uplift in determining 

the accumulation of petroleum Into productive pools is an open ques- 
tion. It la possible that tbe fault lines may have furciahed vent for 
. the ascent of petroleum from the deep-lying oil horizons of the Cre- 
taceous and Carboniferous. It Is possible that the presence of In- 
trusives may have assisted In the process by the distillation of or- 
ganic material. It seems more probable, however, that the oil Is In- 
. di^enous to the Tertiary deposits, to some degree petrolllerous In all 
horizons, and that the mounds but furnish the dome-like structural 
conditions requisite for the accumulation and storage of oil. (Ses 
Figs. 19 and ED.) 
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Fig. 20. 
. Hager himself remarks that the weakness of the above-outlined 
liypothesis lies in the assumption of intrusives, the existence of 
which we have no evidence whatever. However, his many eita- 
-tions of the occurrence of salt, oil, gypsum, etc., in connection 
with nmd-volcanoes and other igneous manifestations, he doubt- 
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leas feels lend a strong plausibility to the former oecurrence 
of such activities in Texas and Louisiana. 

AVe find it very hard to conceive of "ebullition and evapora- 
tion" taking place and crystallizing a few billion tons of salt in 
one neck, almost unmixed with foreign matter like masses of 
gypsum, limestone or dolomite elsewhere, all from the heat of 
a supposed plug far below; then a sinking and covering of the 
mass, then finally a re-elevation in snich a manner as to posh 
the old plug np and produce a dome at the surface. It seems- 
to us tliere are here a great many very questionable supposi- 
tions. Ilager seems to have ignored almost entirely the probable 
relation of the different domes to each other. Doubtless he felt 
that an igneous plu^ could be pushed up in most any place, re- 
gardless of similar activities in adjacent districts. 

Veatch Proposes a Volcanic Theory. — ^Veatch*, while work- 
ing on the underground water resources of northern Louisianar 
and southern Arkansas, developed a theory for the formation 
of domes very similar to that proposed by Hager. 

Fennem-an's IVori.— In 1906, what may be styled a revised 
edition of Bull. 212 of the U. S. Qeol. Surv., was published as 
Bulletin 282 by i\. N. Fenneman; this author having spent 
three months in the field during the simimer of 1904. In a 
former part of this chapter we have had occasion frequently to 
refer to this author's work regarding more recent oil develop- 
ments in the Texas fields. 

After tabulatintr the characteristic materials of the Coast 
Plain domes, he concludes: 

The normal order ol depth of the materials in the mounds or 
oil fields In as follows: 

4. Unconsolidated sediments. 

3. Porous limestone. 

2. Gypsum. 

1. Salt. 

While the position of the sulphur varies, it Is most frequently 
touni] in or near ttie limestone. Petroleum la associated with tli* 
porous limestone and the overlying sediments. 

As a nile, however. Fenneman 's report is of value chiefly 
for the details given as to substances penetrated in each and 
every oil-field along the coast. Not being acquainted with the 
more evident characteristics of dome-structure as shown in 

■U. S. G. S., Prof. Pap. No. 46, pp. 28 and 87, IMS, 
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north Louisiana and the Five Islands on the coast, his general 
inferences shed little light upon the subject. He lays much 
stress on the peculiar local development of rocks, their thin- 
ning out and disappearing in short distances, passes lightly over 
the subject of enistal diaturbanees, feeling evidently that such 
ideas are based largely on a "supposed analogy with certain 
salines of Louisana and east Texas, where the quaquaversal dip 
is marked, but where crustal deformation is manifestly far more 
intense than at this point" (Spindle Top). He believes the 
strata underlying the Sour Lake fields "are approximately 
horizontal" (p. 44) and that "it may be stated as a general 
principle based on observation that steep dips in the oil-bear- 
ing mounds are limited to the limestone (or dolomites) which 
liave been precipitated from water. The dense, hard plates due 
to cementation are, so far as known, nearly or quite horizontal. 
This statement does not apply to the higher mounds, which 
have not as yet produced oil" (p. 45). 

Regarding the Hager hypothesis quoted as some length above, 
Fenneman has this to say: 

Many facts may be adduced In support oC this hypothesis, although 
It must be admitted that It presents some serious difficulties. The 
tnodc of accumulation of of the enormous masses of rock salt which 
occur In the Louisiana Salt Islands, in Damon Mound, tn High Island, 
and also In Splndletop has never been satisfactorily explained. For 
B, variety of reasons It does not seem possible that they can be th« 
result of evaporation of sea water In natural salt pans, which is sup- 
posed to be the origin of most deposits of rock salt. It may therefore 
be necessary to Infer their origin to precipitation from rising ground 
waters. Chough no possible reason has yet been suggested for the pre- 
cipitation of the aalt. 

Finally, as regards the interrelationship of domes, he has 
but this to say : 



There is some reason for thinking that such structures are ranged 
along lines of slight crustal deformation or disturbance. If such 
lines exist, they probably trend northeast and southwest. This prob- 
ability may well be recognized In prospecting for new tlelds. 

Dome Structure Produced by Growing Crystals. — In the siun- 
mer of 1907 we published Bulletin No. 5 of the Louisiana Geo- 
logical Survey, entitled "Notes on the Geology of the Winnfield 
Sheet." In the six townships covered by this "sheet" there are 
three well-defined areas that bear the ear-marks of do&e struet- 
nre. In discussing such structures we sngpeeted a very di£fer- 
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€nt way for accounting for the uplifting of domes from any 
thus far presented, so far as we are aware. In place of the 
necessary pressure being furnished by gas, or oil and water 
under a heavy head, or in place of purely hypothetic igneous 
plugs, we appealed to what ultimately amounts to the power of 
growing crystals. We believe there is practical unanimity now 
amongst geologists regarding the secondary nature of the salt 
masses so frequently met with in Louisiana and Texas domes. 
In nearly every case, we believe, the various writers quoted 
above have come to this conclusion independently and in spite 
of very strong early inclination toward a normal or "salt-pan" 
origin. We believe all will admit that water has been the dis- 
solving and transporting agent. The main difficulties in the 
whole matter have been: First, how can rising columns of 
water be made to precipitate their salt, even though saturated 
and, second, what is the force that lifts up a certain hundred 
or thousand feet of auperfieial strata in limited areas, almost 
never two miles across? The remarkable circular form of the 
domes, and their quaquaversal dips and the extent of their 
proven vertical movements in comparison with their diameters — 
these, too, are troublesome factors. 

In brief, we answer, first, precipitation is due to decrease in 
temperature; and, second, the requisite uplifting force is amply 
accounted for by the power of growing crystals. 

The reason for supposing that the power of crystallization has 
been so potent in dome formation were forced upon us while 
working in the Myles salt mine on Grande Cote. Mention has 
already been made of certain streaks noticeable in both the 
Myles and Avery mines. These streaks, often very faint, have 
been spoken of usually as lines of stratification. But they'seem 
not to be such on close examination. Their vertical, or nearly 
vertical, position in many places of course would not debar 
them from being true bedding planes, for it is quite conceivable 
that some salt starta have been highly tilted and much de- 
formed. But there are concentric circular jigurea alone in 
white banks of salt, as already shown in Fig 8, that look more 
like slight discolorations due to the infiltration of waters carry- 
ing impurities. The crystals about such places show, so far- as 
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w© can see, no signs of torsional stresses. But, in certain in- 
stances, there are horizontal lines of cleavage so well marked 
that the whole roof of an entry falls, leaving a smootli hori- 
zontal ceiling for several square yards in extent. These planes 
of cleavage we interpret as due not to original bedding planes 
but to great pressure normal to their surfaces, i. e., vertical. 
The salt crystals in the mines, say 500 or 600 feet beneath the 
surface of the ground are ill-formed, crushed, as it were, into 
a solid mass. Very good and large salt crystals, however, have 
been found near the surface at Avery's and Belle Isle. It would 
be but natural for crystals to form near the surface under slight 
pressure and in yielding clay or marl, in a most perfect manner, 
whereas in the mass 500 feet beneath the surface undistorted 
crystals would be the exception. 

The extreme purity of the salt in these mines, especially when 
taken in connection with the great depths of the salt,, calls for 
B selective dissolving agent, and a re-crystallization in pure salt 
masses. So far, we have had no time to determine the power ex- 
erted by growing salt crystals, though work of this kind we 
hope to soon see commenced; but we must rest with a general 
Inference to be gathered from Day's article* "On the Linear 
Force of Growing Crystals" that it will be found to be of the 
same order of magnitude as the resistance which the crystals 
offer to crushing stresses. A four-inch cube of crystallized 
salt from the Myles mine, though apparently more or less in- 
clined to crumble, having been mined with dynamite, showed 
no sign of crushing when put under a pressure of 50,000 pounds, 
the limit of the small hydraulic press used. There can be no- 
reasonable doubt, then, that if crystallization is started in a 
supersaturated solution of brine, that sufficient force will be- 
generated to lift sand strata to the thickness of 2,800 ft., sand 
and clay beds alternating to a thickness of 3,000 ft., and salt 
beds 3,400 ft. thick. Since a salt mass is lighten than the same 
volume of mixed sand and clay, for the specific gravities are, 
about 2.15 for salt and 2.35 for sand and clay, it is evident 
that when once a salt mass or plug is developed there will be a 
general tendency for all force from the crystals below to expand 
in the line of least resistance, t. e., under the salt mass already 
•Proc. Wash. Acad. ScI,, Vol. VII, 1905, pp. SU-2gS. 
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formed. Hence the marveloualy restricted areas of theae salt 
masses in comparison with their depth. Naturally it ia taken for 
granted that in the eoraparatively slow growth of domes by 
this process, erosion at the surface would prevent any umiaaally 
sharp and elevated hill being formed that would largely increase 
the pressure at the base of the salt column. It may also be 
taken for granted in the simple case supposed that the area is 
neither sinking nor rising to any considerable extent. For it 
is evident that if the area were, for example, sinking, and re- 
ceiving deposits above, the isogeotherm that passed through any 
given point before depression would seem to gradually rise as 
depression went on. Since the precipitation of salt, under 
conditions now being considered, is a matter of decrease in 
temperature, as may be inferred from Fig. 21, the horizon at 
which salt would be precipitated would also seem to rise ; that 
is, there would be formed a second bed of salt above the first. 
Note in this connection the 70-ft. bed of muck and logs between 
salt l^ers in the deep salt weU on Petite Anse. 
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Fig. 21. showing increase of solubujty of salt in wateh 
wil'h eise of temperature. 

Constructed from data given in Seidell's Solubilities, etc., 1907, p. 299. 

If brine were saturated at a temperature of 180° C. and the 

pressure were not so great but that salt crystals could be formed 
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txom the aseendiiig brine where the t^nperature was reduced to, 
■ay, 160°, then and there precipitation, crystallization and 
dome-stmetare would be begun. However, as the weakened 
■oIutioD rose, it would be lowered in temperature and would 
ecntinually give off salt. Hence, though the salt column were 
■Imder at first, doubtless in course of time it would be more 
tiian apt to become in a general way cone-shape, with the point 
tq>ward. " Different conditons would naturally modify the form 
of growth. Other substances might similarly be fonned in 
various shaped masses, as dolomite, gypsum, anhydrite, calcite, 
salphur, all tending in one general direction, the formation of 
dome-structure. How important these structures are in this re- 
gion for the collection and retention of oil and gas in commer- 
cial quantities, ftll know; it ia not our purpose to treat this 
side of the subject here. 

How completely the upward movement of a cone-shaped mass ' 
from depths of perhaps 1,000 to 3,000 ft. explains the steep 
qnequaversal dips about the salines (and oil-domes so far as 
they have been made out) only those familiar with the phe- 
nomena in the field can appreciate. 

Dome Taxonomy, 

The Mississippi Embayment a Great Pitching Trough. — Now, 
« word as to the general arrangement of the domes, their rela- 
tions to one-another. First, let it be remembered that the Mis- 
fdssippi Embayment region is, structurally, a great pitching 
trough. ThoT^h the general dip of the strata must be south- 
ward, beds cropping out east of the Mississippi dip southwest- , 
■erly, those west of the Mississippi, southeasterly. The dip is 
far greater than the slope of the land. Waters entering along 
the outcropping edges of the Tertiariea and Cretaceous and fol- 
lowing bedding planes southward are aoon thousands of feet 
beneath the surface. Facts from surrounding areas lead us to 
fluppose that beneath this pitching trough there are Paleozoic 
and Mesozoic strata, fractured in different directions, strata 
-oftentimes highly impregnated with salt. 

The Sabine PenirMula. — As the material was being laid down 
in tliis old trough, slips along fault lines occurred, owing to 
differential loading perhaps. Notable among the blocks lifted or 
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left above surrounding areas is the one fstyled "Sabine Penin- 
sula" on the map (PI. XXIV). As a rule, however, tiie em- 
bayment area lengthened or shortened as movements up or down- 
took place, through faulting in a northwest-southeast or a north- 
east-southwest ■ direction. Some of these lines may have been 
marked out in Paleozie time, but it is quite probable that most 
of them dre genetically related to the loading of a Y-shaped 
area styled the Mississippi Embayment. 

Two Series of Fault Lines. — Note on the map the direction- 
of the Baleones fault, the Red River-Alabama Landing fault, 
the aligBment of the east Texas salines, the hovering about the 
margins of the "Sabine Peninsula" of a large number of 
domes, the remarkable alignment of the Five Islands, the de- 
flection of the Mississippi River from above Baton Rouge to- 
the Gulf, the crisscross arrangement of lines through the 
domes in southeast Texas. 

Oligocene Area Devoid of Domes. — Another most aignificant 
fact in the arrangement of the domes is their avoidance of Oli- 
gocene areas. As an explanation of this last fact we venture to 
suggest that the Grand Gulf sandstones and clays were in part, 
at least, subaerial in origin and of a greater thickness than the 
synchronous off-shore deposits farther south. Subsidence doubt- 
less went on most rapidly where the greatest amount of mattev^ 
was accumulating, t. e., near the Gulf mai^n of that time. 
Farther to the south, as well as to the east (Qeoi^ia), an& 
west (east Texas), beds which would seem to be of Grand Gulf 
age, at least upper Oligocene, have afforded slightly braekiah' 
water and purely marine fossil remains. The heavy sandstone 
beds of the typical barren Grand Gulf are evidently of sli^t 
north-south amplitude. At some wells in the Sour Lake oil- 
fields Jackson Eocene fossils are found at depths from less tbtTi- 
1,075 to 1,500 ft. In others, a new fauna belonging somewhere- 
between the Vicksburg and the lower Miocene is found betwetm 
depths from 700 to 850 ft. In this uplift there are no record" 
of Grand Gulf sandstone, nor Vicksburg clays and limestones. 
It seems, then, that the deep, synclinal Oligocene trough filled* 
with clays and indurated sandstone constitutes a zone unfavor- 
able to the upward tending oil and salt waters. 
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Age of Domes. — As to the age of the various domes, it seems 
to lis that they were formed whenever conditions were favor- 
able. Whenever an ascending solution, saturated at a hi^'h twa- 
perature, was brought in contact with higher and cooled roeks, 
precipitation took place, crystals were formed and dome-Btruct- 
ure began. It is very likely that, although some saline columna 
of hot water may have ascended from mere fissures in the deep- 
lying Mesozoie beds, it is more than probable that when one 
fissure, fault, or sharp anticline was traversed by a second, nearly 
at right angles to the first, a place would be sufficiently ruptured 
for the upward passage of ascending waters. By consulting the 
map it will be seen that Beaiunont, for example, is evidently 
located at such a crossing. Doubtless there are many fault- 
lines in the field not indicated on the map ; and it may be that 
Bome of them so indicated are not real. But the general con- 
ception of Mississippi Embayment geology as outlined above, 
with its two-fold system of faults or sharp anticlinal ridges, 
rests, we believe, on a secure basis. 

We are inclined to think that the results of some tangential 
pressure may be noted here and there along these structural 
lines, causing the deep-lying Mesozoie or Palezoic strata to rise 
up in places considerably above their normal position. This 
we believe would be the case, especially at the crossing of two 
structural lin^ approximately at right angles to each other. 
Hot waters from profound depths could then easily and quickly 
reach higher and cooler horizons, and precipitation, crystalliza- 
tion and dome structure would move on apace. The grow- 
ing nuclear mass would in such cases simply push aside and turn 
back the four comers of the older low-lying roeks, lifting up 
only the newer beds immediately above. Facts have already been 
observed that seem to indicate that such is the true history of 

Long ago 'we called attention to the peculiarities In terrestria) 
masnettc forces about the area of the Sabine peninsula. Graphically 
they are faintly indicated on Plate XT of Bulletin No. 2. Report for 
1902; also Plate 2, Bulletin No, B, Report of ISOT. From New Orlaans 
to Colfax, where obaervBtions have been somewhat niimeroui, there la 
■n Irregularity of amount and direction of magnetfc foreeB shown 
on Plate XI, already refered to, that seems to us to be In harmony 
with a somewhat complicated eubstructure for this part of the State. 
This whole BUbject needs careful attention, for It may lead to practical 
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some domes. It would aeem that perh^s, after all, the Meao- 
zoic and even Paleozoic rocks are, in some instances, in limited 
areas, not eo far beneath the surface in Louisiana as has often 
been supposed, and that salt, as well as oil, sulphur, gypsum, 
etc., of the "mounds," "islands," "sour lakes" and "salinea," 
though often flowing into Tertiary or Quaternary reservoir, 
originate In beds belonging to an earlier period of the earth's 
history. 

OCCDBRENCE OF SaIVT DoMES ElSEWSESB. 

Aldbmna. — We strongly suspect that there are interesting 
antieliues accompanied by dome structures in or about Clarke 
County, Alabama. Years ago, in this county, salt was obtained 
from wells and springs and evaporated in old sectioned boilers 
or kettles in precisely the way described by Veateh in North 
Louisiana. See BulL No. 43, U. S. Geol. Surv., 1887, p. 38. 

Europe. — To what extent the enormous deposits of north 
Oermany have been thickened locally by secondary deposition, 
it is impossible to state wiUiout careful local study. In Transyl- 
vauia, however, the egg-shaped mass at Msros-ITjvar (PI. LIII, 
B), can with little doubt be referred to as having been formed 
after the maimer already described for the salt masses of Lou- 
isiana. The salt masses of Boumania perhaps belong to the same 
category. 

Under the heading "The Pyrenees" of this report will bo 
found references to secondary deposits of salt and the important 
role played by hot waters or thermal springs. It would seem 
that here the source of supply is less obscure than in Louisiana. 

Africa. — Of all foreign rock salt localities none seem to show 
dome-structure, as developed in Louisiana, better thfui the con- 
ical hill, Rhang el Melah, shown on Plate LVIII, A. & B. 
Thirty-six kilometers southeast of this salt hill is Ain Hadjera, 
nearly circular in outline, 3,280 feet in diameter. (See PI. 
LVIII, C.) 

Here it appears the salt-forming conditions of Louisiana were 
repeated. Still it is of course unsafe to draw final conclusions re- 
garding peculiar and complicated structure without careful, 
personal study in the field. 
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Algeria, the Congo region, British East Africa and German 
East Africa all show thermal-spring salt-depoeitB. 

Asia. — Under Origin and Age of the Salt Range Series of 
India it will be noted that late views by Oldham contain sag- 
gestions of "ascending vapors or solutiong." 

The occurrence of masses of rock salt near tlie Dead Sea, 
a region through which a well-known extended faolt line pnmirr. 
is certainly very BUSSCeBtave. 



CHAPTER II. 

NOTES ON SALT IN THE WESTERN HEMISPHEBE.' 

(EzclusiTe of Louisiana.) 

THE UNITED STATES. 
General Remarks. 
Salt occurs in the United States as rock salt deposits and as 
natural brines. The latter are found in inland salt lakes, aa 
ondergToiind accumulations in certain porous rocks and as sur- 
face springs. Cmstal salt deposits, on or just below the sur- 
face. Lie in many depressions or lake baains in the arid re- 
gions of the West. These may be considered aa a phase of the in- 
land salt lake, as most of them are covered by salt water dur- 
ing a part of the year. The rock salt deposits usually occur <n 
beds interstratified with sedimentary rocks and are often closely 
associated with gypsum. On account of the solubility of salt 
the beds rarely appear at the surface, the only known cases oo- 
curring in the arid climate of some of the Western States. 

The variation in the chemical composition of salt from dif- 
ferent localities of the United States and from one Canadian 
locality is shown by the following analyses of rock salt and 
brines: 
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Kock salt is mined in New York, Louisiana and Kansas, and 
has been mined or qnarried to a slight extent in California, 
Utah and Nevada. There are large salt deposits in western 
Wyoming and in Crook County west of the Black Hills; and 
in Arkansas rock salt has been found in Dallas and Hot Springs 
counties, but none of these deposits have been worked to any 
extent. 

Salt beds are worked by the artificial brine method' in New 
Tork, Michigan, Ohio, Kansas, Texas and Virginia. By this 
method fresh water is forced down a well into the salt beds and 
the saturated brine is pumped up tiiroogh an inner tube in 
the same well. At the surface the brine is treated in settlii^ 
tanks to rid it of certain impurities, and is then evaporated to 
form the salt. 

Salt beds are worked by the artificial brine method*' * in New 
water in Massachusetts near Buzzard's Bay, and a large amount 
of sea salt is made in California. In Utah and to a loss extent 
in a number of the Bocky Moimtain and Pacific Coast States 
salt is made from salt lakes. It is manufactured from salt 
springs and natural brines principally in Michigan, New Tork 
and West Virginia and in Kansas, Ohio and Texas. At times 
salt has also been made from brines in Kentucky, Tennessee, 
Indiana and Missouri. In the Bocky Monntaiu and Pacific 
Coast regions salt occurs in brine springs end as crustal deposits 
on alkali fiats. Many of these salt crusts have been worked for 
local use. 

New York. 

Salt occurs in New York State as natural brine and ai roek 
salt deposits. (See Plate XXXV.) 

BBINE. 
Geological Occurrence.— Salt springs of varying degrees of 
strength, but of no present economic value, occur in rocks 
from the Ordovician to the Devonian. 

tPor a description ot the pumplnK macblnery see ElDKlneerlnB, 
ToL U, 18SS, pp. S41-S42. with dtagraiiia. 

fFor a detailed occoant see Z. M. Kirk's article. "Btvapomted 
Sou." MlB. RuouEoea XAnsaB, ItSS, »p. lOt t« 120, with alx plMM 
Knd a dUcniin. 
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The Syracuse Brines. — Brine occurs at Syracuse in the drift, 
filling a pre-glacial channel in the Red Salina shalC.^ 

Wells, in some cases more than 300 feet deep, have been aonk 
into the drift and the brine is pumped from them. The brine 
from the shallow wells becomes weaker after being constantly 
pumped for a while, but the deeper wells do not seem to be thus 
affected. Salt is manufactured from the Syracuse brine either 
by artificial or solar evaporation.'* 

HOCK SAi;r."'" 

Geographical Distribution. — The salt beds of New York occur 
in the K«d Salina- shales of the Silurian. These beds were 
formed in Professor Newberry's "Great Salt Lake," which in- 
cluded central and western New York, northern Pennsylvania, 
Bortheastem Ohio and southern Ontario. 

In New York salt deposits nowhere outcrop at the surface. 
The area they underlie and their mode of occurrence has, how- 
ever, been fairly well defined by the numeroos wells which 
have been driven down to them. Thus they have been 
found from the Oatka VaUey, in Wyoming County, east to Mor- 
risville, Madison County, and south of this wherever wells have 
been put down to their horizon. But they do not extend north 
of the forty-third parallel. Bock salt has also been found in 
two or three wells in Erie County, south of Buffalo." 

Biock salt" was first discovered in New York in a boring made 
for oil near Vincent, Ontario County, in 1865. No at- 
tempt was made to manufacture salt from it at the time, and 
the discovery was not qreneraliy known. In 1878, in a well 

inept, state OMloglst, N. Y.. ISH. "The Brine SprlngB and Salt 
Wells o[ the State of New Yirk, and the Geology of the Salt Diatrict." 
by D. D. LiUther. 

ffWyatt, "Development of the American Chemical Induetry." IDnK- 
and MIn. Jour., Dec, 31, ISST. p. 448 et aeq. 

rOPo). Surv. Ohio, vol. 6, 188S, pp. 664-667. 

SGarrlKnea, Geol. Surv. Mich, vol. 3, Appendix B. 

»Klrk, MIn. Res. Kansas, 1898. pp. 106-120. 
WD. D. Luther. "The Brine Wells and the Salt Springe of tiM 
State of New York and the Geology of the Salt District; report of the 
State Geologist, New York. 1896. 

Ji a 1.1 V. S. a. S-. 21"t Annual Report (1899-1900), Part VI, "Salt," 
bjr Bdwar.d W. Parker, and Mineral Resources of the United Statea." 
"The Prdduollon of Salt," by Edmund Otia Hovey; a'ao Aanual Rsport 
Supt. Onondaga Salt Springs, JaiL, UM, Bajt H.- Pmvbmb. 
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drilled near Wyoming, in the Oatka Valley, a bed of rock aalt 
70 feet tbick was struck 1,270 feet from tlie snrfsce. The 
first works Id New York State for manufacturing salt by arti- 
ficial brine from a rock salt bed was put up here in 1881. A 
great number of wells were drilled to the salt after this, and 
the output from this source increased very rapidly. 

Geological Occurrence. — The Salina beds in which the salt 
formation occurs are made of the following series : Soft shales, 
generally red, from 200 to 500 feet thick, which become thinner 
toward the e&st and finally disappear. These are overlain by 
the salt horizon, consisting of layera of pure salt interstratified 
with shale, limestone and gypsum, with a mixed layer of salt and 
rock materials at the base. They dip a little east of south at the 
rate of about 40' to the mile, and the salt-bearing formation in- 
creases in thickness in the direction of dip. In the southern part 
of the Oatka Valley they are 100 to 138 feet thick ; at Castile, 10 
miles south, 190 ieet; and at Ithaca, to the east and south 
of there, 470 feet, of which 248 feet is rock salt, occurring in 
seven beds. The salt deposits are overlMn by 250 to 300 feet of 
shales and magnesian limestones containing gypsum beds in 
places. Above this comes the limestone of the Water Lime for- 
mation. The section of the Retsof shaft, given in PI. XXXIX, 
is typical of the salt district. At the village of Wyomii^ tha 
upper bed of salt is 1,270 feet from the surface; at Bliss, twenty- 
two miles south, 2,956, and at Ithaca, 2,244 feet. 

HISTORY AND HtODUCTION, 

The marketable grades of salt produced in the State include 
rocK salt and the varieties of brine salt known as coarse solar, 
common fine, table, dairy, agricultural and packers' salt- In 
addition to the salt sold as such, a very laz^ quantity i^. con- 
verted into soda products. The Solvay Process Co., at Solvay^ 
near Syracuse, manufactures such products directly from Ijrin* 
that is supplied by their own wolls, and tlie salt {has used is 
included in the above statistics. 

Solar salt is made entirely in Onondaga County. SyracOBe 
has' long been the center of this branch of the industry, which 
was first started about 1789. In 1797 the Syracuse district wu 
made a State Indian- Beservaticm, and nibst- of -ib^ wells an 
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located on the Beaervation. The brine is supplied to the individ- 
ual evaporating plants at a fixed chai^. The brine is 17 to 20 
per cent sodium chloride. It is stored in glacial gravels and 
has evidently been formed by mrcalating ground waters which 
have come in contact with rock salt beds. 

The manufacturers of brine salt in other parts of the State 
obtain their supplies from wells driven into the rock salt. The 
Tompkins County salt is thus obtained from depths exceeding 
-2,000 feet. 

During the past year there have been 32 companies engaged in 
-the production of salt in the State, and these 21 were in Onon- 
daga County. The International Salt Co. operated four plants, 
located at Ithaca, Myers, Watkins and Warsaw. 

Rock salt was produced by the Betsof Mining Company from 
-the Retflof shaft in Livingston Comity. The Sterling Salt Co. 
has lately c^>ened a mine of rock salt, in the same county, at 
■Cuylerville. The shaft was started in 1905 and was finished and 
-equipped for hoisting in the latter part of 1906. It is bottomed 
at about 1,100 feet in a bed of salt that averages 21 feet thick. 
It has a cross section of 11 by 21 feet all over and is divided into 
■two hoiHting compartments and one ladderway. The equipment 
■on the surface and underground is of the most approved type. 
The boildings, including shaft house, power houses and storage 
1>ins, are constructed of reinforced concrete. The output of thp 
mine when under full headway will exceed 1,000 tons a day. 
The first Eihipment was made in November. 

In 1906 New York produced 9,013,993 barrels of salt, valued 
-at $2,131,650. 

Michigan. 

AGE AND OCCUBBENCE. 

The rocks outcropping in the Lower Peninsula of Michigan 

"fonn parts of overlaying basin-shaped strata dipping toward a 

«onimon center Whieh lies In Gratiot or Midland counties, 

Rock salt or brine has been found in four different horizons in 

"these formations. 

" Rock Salt : At the baae of the Monroe series of Silurian age. 

Brine : ~ I. In the Berea sandstone, at the base, of the Car- 

4ioniferons. ■ 
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II. In the Marshall sandstone of the Carboniferous. 
III. In the Farma sandstone at the base of the coal n 

ROCK SALT. 

The Monroe series consists of dolomites, limestones, gypseoofr 
marls, and sandstones, with a number of tliick salt beds in 
close succession at the base. 

Geographical Distribution. — A line drawn from a point soutb 
of Muskegon passing eastward between Monroe and Wyandotte- 
would mark the southern boundary of the rock salt deposit It 
probably underlies all the Lower Peninsula^ north of that, 
though it thins out toward tbe extreme north, and there are 
but few feet of salt north of Alpena and Manistee. 

Thickness.'^ — Qoing northeast from Wyandotte the salt-bear- 
ing formation thickens, and along the St. Clair and Detroit rivern- 
several beds over 100 feet thick occur within a vertical distance 
of 900 feet. The depth of the lirst bed of salt is 730 feet at 
Wyandotte, about 850 feet along the Detroit River, 1,500 feet 
along the St. Clair River, and 1,543 feet at the Royal Oak, where 
the beds attain their greatest known thickness. 

At Alpena, on the shore of Thunder Bay, a layer 20 feet tliieir 
was found, 1,200 feet down. Along flie Lake Mieh^an shore 
there is but one bed of salt, which la 42 feet thick at Manistee. 
The depth of this formation varies from 1,978 to 2,296 feet itt 
this region. At Cheboygan, on the northern shore of the Penin- 
sula, no salt was found at the horizon where it appears else- 
where, while at St. Ignace, across the Strait of Mackinac, a 5-foot 
bed of salt was struck 350 feet down. 

BRINE. 

Berea Sandstone Horizon. — The Berea sandstone occurs at the- 
base of the Carboniferous. Brine has been obtained from it at 
"^awas and Oscoda, in Iosco County, and in Huron County, on 
opposite sides of Saginaw Bay. It has also been reached by 
deep wells at Bay City and Blackmar, Saginaw County. At the 
greater depths the brines contain a rather large percentage of 
(Ca. Mg) CI. Br),. 

ISAm. Jour. Bel.. 2d series, vol, 34. IZtZ. On tlM Sallf^ouB Roek» 
and Salt Springs of Michigan, by A. WInehell. 

Haet>]ogiCBl Survey of Michigan, vol. 6, part 2; Lower Panto-r ' 
sula De«p Borfnge, by A. C, Laaat m^.-v 
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Marshall Sandstone Horizon. — The Marshall sandBtone of the 
Carbouiferoufi is from 50 to 100 feet thick and underlies the 
Grand Bapids series of dolomites, limestones, gypsiferous sand- 
atones and shales. Strong brine is found in the sandstone and is 
the principal source of supply of the wells at Bay City, Saginaw, 
Midland, etc., in the Saginaw Valley. 

This formation is also known as the Napoleon sandstone, and 
with the shales immediately above it has been called the "Mich- 
igan Salt Group," 

Seventeen thousand square miles, approximately, are under- 
laid by this horizon, embracing the central part of the Penin- 
sula, and containing 19 comities and at least half of 16 others. 

Parma Sandstone Sorieon. — The Parma sandstone occurs at 
the base of the Saginaw Coal Measures. A rather weak brine 
is obtained from it at Bay Oity and other places. 

No rock salt has been found in any of the three last mentioned 
horizons. The brine is therefore either the original brine in 
which sandstones were deposited or brine leached from the rock 
salt deposit of the Monroe, 

METHODS OP WORKING.** 

The rock salt deposits have, up to the present, been 
worked entirely by the artificial brine method mentioned 
above, though attempts have been made to sink shafts t? 
the deposit and mine the salt directly. These have not been sue- 
cessfnl on account of the presence of water containing large 
amounts of hydrogen sulphides some distance above the salt. 
A new shaft was begun in February, 1905, not far from Detroit, 
in which the difBculty has been overcome, and which it is hoped 
will successfully reach the salt bed. 

HISTOEY AND STATISTICS. "" 

The first brine well in Michigan was put down at East Sagi- 
naw in 1859. Ponr thousand barrels were produced in 1860. Tii 
1906 the output was 1,391,522 short tons, valued at $2,018,760. 

MBog. and Mln. Jour., Nov. 26, 190E. 

mj. S. G. S., ISth An. Rept, 1896-1867, part G. Mineral Resouroe* 
Of the United States, ISSE. "Salt," by Bdward W. Parker. 

nu. 8. G. S., 2lBt An. Rept., 1899-1909, part 6, Mineral Resourcea of 
the United States, ISSS. "Salt," by Edward W. Parker. 

z>U. S. a. g., Mineral Resources of the United States, 1903, 1M4 
and l»oe. 
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Ohio.* 
Salt ia manufactured in Ohio from natural brines in the south- 
eastern part of the State, and from the artificial brines derived 
from rock-salt beds to the northeast. 

NATURAL BBINES. 

Salt was first made from brine wells in the Scioto licks, Jack- 
son County, in 1798. 

Wells were first bored in the Muskingum Valley in 1817. It 
is said that from 60,000 to 80,000 barrels were produced there 
in 1833. 

Salt has been made in Morgan County since 1825. One plant 
remains at Durant, in the northern part of the county. The 
brine here cornea from two wells about 670 feet deep. The 
mouths of the wells arc about 50 feet above the middle Kittan- 
ning coal. Meigs Connty is the most important prodnoer of 
southeastern Ohio. During the "sixties" there were at one time 
13 furnaces in operation. At present five works in the neighbor- 
hood of Pomeroy are all that remain. These receive their chief 
revenue from the manufacture of bromine and calcium chloride 
from the mother liquor after the salt is precipitated. 

The strata in this vicinity dip to the southeast. The brine 
increases in strengtii in the direction of the dip. In a inven 
well the deeper brine appears to be the stronger. In a well at 
Pomeroy which went through the Berea grit and was 1,580 feet 
deep, brine was found at four horizons — 300, 710, 980 and 
1,550 feet — registering 6°, 9°, 9° and 16° Beaum4, respectively, 
The lowest brjne was in the Berea grit of the Carboniferous. 
Though this brine is the strongest, there is but little, of it. nnd 
most of the pumping is done from the horizon above. 

Analysis. — An analysis of the solid contents of the brine from 
a well at Pomeroy is given below : 

Sodium chloride ^ '. . . . 80.134 

Calcium chloride 13.6:13 

Magnesium chloride '. 5.314 

Magnesium bromide .147 - 

WThe most cpmplete account of the aaU ol Ohio is In' "Salt E^apoolta 
and the Salt Industry In Ohio," J. A. Bo^ocker, 0«oL Sorv. of Ohio, 
4th series, Ball. No. S, Ave plates and a map. 
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Sodium iodide 004 

Silica OH 

Iron and aluminum oxides 108 

Potassium chloride 244 

Strontium 

Barium chloride 326 

Specific gravity, 1.075. 
The absence of sulphates in these brines is accounted for by 
the presence of barium. The brine is probably ocean water, 
which was enclosed ia the rocks when they were deposited. 

ROCK SALT. 

Extent. — Rock salt was discovered in 1886 in a well drilled 
for oil at Newberg, neat Cleveland, and since then explorations- 
have shown a profitable field to extend from Wayne and Medina 
counties north and east through the State. Salt is worked at 
Newberg, Cleveland, Kenmore, Wadsworth and Akron. 

Occurrence. — The salt occurs in beds interstratified with lime- 
stones and some shales, of Salina age. The salt beds vary indi- 
vidually from 2-7 feet in thickness and aggregate from 7-8 
feet. The depth of the upper beds of salt ranges from 1.790- 
1,990 feet at Cleveland to over 2,500 feet at Rittman. Wayne 
County; 2,774 feet at Barbertown, Summit County, and 3,239 
feet at Cortland, TumbuU County, 

Methods of Working. — The brines in southeastern Ohio were- 
formerly evaporated in iron kettles, but open pans are now 
used in the few remaining works. 

In the northern part of the State the rock salt is worked by 
the artificial brine method and the brine is evaporated in 
grainers and vacuum pans. 

PRODUCTION."-*' 

In 1880 Ohio produced 530,000 barrels, all of which came 
from the southwestern part of the State, A few years after the 

21, For an account of the methods of m&king bromine and caldam. 
chlorides, see E. W. Parker, "Salt," U. 8. Q. B., 18th An. Kept, Part V, 

is>e. 

oil. 8. a. S., 2l8t An. Kept., part 6. 1899-1900. Mineral ReBource» 
of the United Slatea: "Salt," by Edward W. Parker. 

HU. S. G. S,, Mineral Resources for the United States tor 1901,. 
190f and l»oe. 

ttOeologlcal Survey of Ohio, lEconomtc Oeology, voL (, IBSB. 
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salt beds in the northeast became important. Ohio is now the 
third State in rank of salt production, the output in 1906 being 
453,150 short tons. 

Kansas and Ohlahoma. 

AQB AND OCCURRENCE. 

Salt occurs in Kansas as brine in the Carboniferous, as rock 
salt interbedded with shales of Permian age, and as surface 
deposits in salt marshes or plains, derived from brine in Gro- 
taceous shales. 



Many salt springs are foqind through the Garboniferooa area 
of the State. Though salt has been made from several of them 
at times, the only ones of importance are those at Solomon Cit7, 
in Dickinson County, which have been worked since 1867. In 
1898 the works there had a capacity of 4,000 barrels per an- 
num. 

S.\LT MARSHES OR PLAINS " 

The salt marshes lie in a belt e-xtending in a direction west of 
south from Republic County through Jewell, Cloud, Mitchell, 
Lincoln and Stafford counties and across the State line into 
Oklahoma. 

Salt marshes are also found northwest of Queda Spring*, in 
Cowley and Sumner counties. 

The typical salt plane lies in a valley bottom bounded by shale 
bluffs. The surface is level and is wholly or partly covered by a 
salt crust in the dry season and often contains numerous salt 
springs. The largest one in the State is about seven miles long ' 
and from one-quarter to one mile wide. 

Salt was manufactured in small quantities at the Tuthill 
marsh, and also in Lincoln and Stafford counties, in the seven- 
ties, and supplied a local demand. 

The Oklahoma salt plains resemble those in Kansas. The 
lat^eet, on the Salt Fork of the Arkansas, is 14 miles long and 
8 miles at its widest point. The most important economically 
is that on the Cimarron River, near the junction of Buffalo 
Creek. A good deal of salt was gathered there in former times 
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ABd taken to various pointa in Indian Territory and Kansas, 
and it ia yet a source of supply to raachmen in the neigh- 
borhood. 

Geological Occurrence. — The Gueda marshea derive their brine 
from the rock aalt horizon at the top of the Permo-Carbonifer- 
'OUB. The Oklahoma plains apparently have their brine reser- 
voirs in the same horizon or in the red shales (Harper forma- 
tion) immediately above. These red beds are also the source of 
brine of the Stafford County marshes. 

The brine supplying the other salt marshes in Kansas comes 
tnmi the upper group of the Dakota series of the Cretaceous." 
The salt horizon consists of a bed of saliferous shales, 15 to 30 
feet thick. It rests upon a thin bed of lignite and underlies 
10 to 20 feet of gypsiferous shales. The latter shales are capped 
1>y a thin band of sandstone which divides the Dakota from the 
Benton above. 

ROCK SAi/r.'^-" 

Geographical Distribution. — The area underlaid by beds of 
rock salt in Kansas has been only partially determined by wells 
.and shafts sunk to'fhem. The eastern boundary is the best 
known and extends from a point between Wellington and Gueda 
Springs, in Sumner County, north and slightly east through 
Sedgwick, Harper, Keno and Maepherson counties and up along 
tile western edge of Saline County. Prom south to north it 
is known to extend from Anthony, in Harper County, up to 
Ellsworth County, and its known westerly limits lie in Barton, 
-Stafford and Pratt counties. The beds probably underlie a 
large tract of country north, west and south of the area indi- 
-cated, though not perhaps in all cases at a depth which would 
make their working practicable. 

Oeological Occurrence. — The salt deposit oeeura in beds inter- 
-•tratified with grey and blue shales of the Permian system. The 

WThe UpperCretaoeouB of Kansas, by W, N. Logan, the Univ. 
■Oeol. Sorv. of Kansas, Vol. n, 1896. 

WSalt," by Eraamus Haworth and Z. M. Ktrk, the Univ. Geol. SurV. 
^>f Kansas, Annual Bulletin ol Reaourcea for 1898. 

K"a«ology of Kansas Salt," by Robert Hay, Kansas State Board of 
A«r., 7th Bien. Rept., Vol. xn. 1889-90; Katiaas Acad, of Scl,, Vol. 
Xa. ,1889-90, Kansas Salt HarcheB. 

WNotes on last two by Robert Hay. 
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total thickness of the salt-containing horizon varies from 553 
feet at Anthonj^, in the south, to 250 feet at Kanapolis, on the 
northern edge of the field, and from 50 feet at WeUington, near 
the southern boundary, to 415 feet at Kingman. 

The thickest layer of salt is given as 275 feet in a well at 
Anthony. There is a layer 195 feet thick in a well at Kanopolis- 
and 270 feet at Wilson, a little farther north. 

At Lyons, where a. detailed and accurate section was kept 
in sinking a shaft, there are twelve beds of clear salt, the thick- 
est of which is 17 feet. 

The salt horizon rests upon the limestone and shale of the- 
Marion formation and is overlain by blue or grey shale from 
70 to 250 feet thick, of the Wellington formation. The Welling- 
ton is overlain by red shales containing gypsum and limestone- 
in places. The blue and red shales are often interbedded, 
though the salt is in every case overlaid by blue shale. The red 
shales are the highest Permian beds in this region. 

Methods of Working. — Shafts have been sunk to the salt mt 
Lyons, Kanapolis and Kingman. Elsewhere in' Kansas the rock 
salt is worked by the artificial brine method. In eonneoti<Hi' 
with the evaporation of brine some of the companies have within 
the last few years used a pan made of Portland cement instead of ' 
iron. The brine is heated by steam pipes passing through the- 
pan. The wells at Hutchinson produce a very large propor- 
tion of the State output. 

HISTWtT AND STATISTICS. 

Roek salt was discovered in wells put down at Hotcbinson, 
Lyons, Kingman, Kanapolis and other towns in the autumn of ' 
18S7 and 1888. In the latter year the output was 155,000 bar- 
rels. 

Kansas in 1906 produced 307,837 short tons and ranked 
fo.irth in value of salt production. 

In Oklahoma salt is produced chiefly near Ferguson, Blaine 
County. 

California. 
OCCDREBNCB. 

Brine in springs or salt marshes occurs in a great many 
Iocaliti«s throughout the State. Salt occurs as crystal surface- 
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deposits from these marsliee or playa lakes. Boek salt occurs 
in a few deposits in the earlier marine strata. By far the 
largest amount of salt produced, however, is manufactured from 
ocean water by solar evaporation. 

BBINE. 

In Inyo, San Bernardino, and other counties in the Oreat 
Basin area, almoet every spring and stream is salty. Brine 
springs are numerous along the Salinas River in San Luis 
Obispo County. There are salt springs in Lake County, Santa 
Clara County and many others. 

SALT LAKES. 

Most of the so-called salt lakes contain water only during 
the rainy season. At other times they are covered with a crust 
of salt often several inches thick, deposited by the evaporation 
of the water. There are many such depressions in the desert 
portion of the Great Basin area from which salt is collected 
merely by scraping the crust. 

Salton Sea.^ — A few years ago the most noted of these lakes 
was Salton Sea, in Eiverside County. This is an inland basin, 
27 miles long and from 314 to 9 miles wide. At its lowest point 
it is 280 feet. below sea level and receives the drainage of from 
eight to nine thousand square miles of desert coiuntry. Brine 
from numerous salt springs in the adjacent hills 6ows into 
the depression and from 10 to 29 inches of salt a day was de- 
posited there in the dry season. The salt is broken up by 
plows, thrown into piles, taken to the mill and crushed to the 
required sizes. Five hundred thousand short tons were pro- 
duced annually. 

About a year ago this basin was flooded by the diversion of 
the Colorado River into it, caused by a mismanaged attempt to 
divert the river from its natural channel. The basin is now a 
vast lake, whose water level was rising at the rate of one inch 
per day {in Jamiarj-, 1906). 

From two to three hundred short tons of salt per year are 
produced from the Cameron Lake, in Kem County. Probably 
from 5.000 to 10,000 tons of salt a year are produced by playas, 
salt lakes and rock salt deposits in Inyo County. 



MNat. Geograph. 'lag., vol. 17, No. 1, p. 81. 
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BOCK SALT." 

Occurrence. — Many playas are underlaid by beds of rock salt 
near the surface, interstratified with clays or sands. They ar» 
evidwitly of the same character as the crust now being formed 
on the surface, and of recent origin. Bock salt also occurs in 
beds interstratified with sands of the "Niter Beds" of Eocene 
»go. 

Two beds of salt from 2 inches to S feet thick occur at Danby, 
San Bernardino County. They are separated by a thick seam 
of clay and overlaid by sand and dust from a few inches to two 
feet thick. Some 3,000 or 5,000 tons were rained there in 1896. 

Salt in Niter Deposits. — On the north Sank of the Avawati 
Mountains, south of Saratoga Springs, in a canyon near the 
Daggett Death Valley road, a seam of salt from 12 to 16 feet 
thick crops out for 1,500 feet. It runs 95% NaCl, and is over^ 
and underlaid by a bed of mixed sand and salt for a thickness 
of 25 feet. These beds are overlaid by beds of gypsnm, sand- 
stone, and layers of sulphates, carbonates, and nitrates of soda. 
The deposit was worked to some extent about 25 years ago. 

Bock salt has been found at the head of the Salinas River, 
in San Luis Obispo County, 

SEA SALT. 

Salt has been manufactured by solar evaporation from sea 
water at the south end of San Diego Bay and at Ocean Side, 
San Diego County. The principal works, however, are on the 
south and east ends of San Francisco Bay, Alameda County. 
In 1901, 90% of the total production of the State came from 
this county. 

PBODUCTION." 

California ranks sixth as a salt-producing State, with an out- 
put in 1906 of 112,950 short tons. 

>W. S. a. S.. ISth Ati. Rept.. part 5, Mineral Reaourcea of t1i« 
United Slates for 1996. "Salt," by E, W, Parker. 

nCallfomla State Mining Bureau Bulletin, No. 24, 1902: Hln. Re*, 
of the tJ. S. for 1B06. 
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West Virginia. 

OCCURRENCE AND AQB.**' ** 

Salt IB made in this State from brine wells along the Kana- 
wha Eiver and in Mason County on the Ohio Rirer. 

The Kanawha brines are found in the sandstones and con- 
glomerates of the PottaviUe series of the Carboniferous. It lies 
at from 600 to 1,000 feet below tte surface in the salt region. 
The weUs in Mason Connty may be considered to get their 
brine from the same horizon as tliose in the Pomeroy district of 
Ohio, across the Ohio River from them. The brine obtained 
from the latter comes, according to Dr. Edward Oiton, from 
the Logan series of the Sub-Carboniferous. This formation con- 
sists of conglomerates, sandstones, and shales, lying about 25 
feet below the Pottsville. 

HISTOBT AND STATISTICS.'*' * 

The first salt furnace in West Virginia was erected in 1797 
at the Buffalo lick near the mouth of Campbell Creek, in the 
Kanawha Valley. A plant at Maiden is the only one now pro- 
ducing salt in the Kanawha Valley. Brine is obtained only 
from Hartford, Mason County. This and the Maiden plant 
together produced, in 1906, 200,055 barrels of salt. 
Texas.*'-*' 

The many types of brine occurrence are well represented in 
this State, and in a few localities well-developed beds of rock 
salt have been discovered and worked. 

S3. "Charleston Folio, W. Va./' by U. R. Campbell; U. B. a. & 
Geol. Atlas ot the U. S., Folio No. 72, IBOl. 

St. "Qeologlcal Survey of Ohio," Economic Geology, VoL VI, BM- 
-ward Orton, 1S8S. 

«. Min. Bes. ot V. 3. for 1896 add I90S. 

». "ObeervattonB on the Saliferous Rock Formation in tbe Valley 
Of the Ohio," 8. P. Hlldreth, Am. J. S., Vol. 24, 1S33. 

W. Second and Third Annual Reports of the Geological Survey of 
Texae, B. T. Dumble, 1890, 

SB. Second Report of Progress, Geological Survey of Texas, C T. 
Dumble. ISBl. 

19. "The Minerals and Mineral Localities of Texas," P. W. Sl- 
monds. Bulletin of the University of Texas, No. 18, 1902. 

¥>. "Salt, Gypsum and Petroleum In Trans-Pecos Texas," by G. 
B. Richardson, In U. S. O. S. Bulletin No. 260; Min. Res. of the U. S. 
for 1906. 
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sal^ lakes. 

A good deal of salt has been made from the umneroos lagoons 
and salt lakes along the southern coast. A dry "salt lake" of 
the type common in southeastern California occors in tJie salt 
basin of the Trans-Pecos region in western Texas. It is about 4S. 
acres in extent and it is said t« have been worked since early 
times by the Mtexicans. At present large quantities are sold to- 
ranchmen and the salt is sometimes hauled over wagon roads- 
for more than 100 miles. 

SALT STREAUS. 

Many of the streams originating in the Permian clays of~ 
northwestern Texas are salty, th© Salt Pork of the Brazos anif 
the Salt Fork of the Bed River more markedly so. Below its 
confluence with the Double Mountain Fork of the Brazos, the- 
Salt Fork is, at low water, almost brine. Fairly thick crusts 
of salt are left on the banks of Croton Creek a few miles above- 
where is joins the Salt Fork of the Brazos, and a small quantity 
is occasionally hauled from there by neighboring stockmen. 

BitlNE. 

Brine has been obtained from the wells in the Carboniferous, 
and salt was made from brine in this horizon at Graham, in 
Young County. There is a brine horizon in the Paluxy Sand' 
of the Cretaceous. 

ROC^ SAl/T. 

Occurrence and Age. — Bock salt has been found at Colorado- 
City, Jlitehell County; at Grand Saline, Van Zandt County, 
and near Palestine, Anderson County. 

The salt at Colorado City is presumably of Permian age. 
Th^ first bed is 850 feet from the surface and there is about 
140 feet of salt within the next 250 feet. In 1890, 750 tons. 
per month were manufactured from four wells. 

Grand Saline, — The way the rock salt occurs at Grand Saline- 
is shown in the following sections. Both are near the western- 
side of the saline : 

Lone Star Well. 

Sand, gravel, clay and shale 178 ft.. 

Hard sand, rock 6 

Shale with pyrites 4 
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Blue limestone with streaks of sand and gray limeatone. 42 

■Gypsum 5 

Kock salt 124 

Total 359 fit 

Biekardson Well. 
"Sand, clay, and gravel, with broken limestone near bot- 
tom 83 ft. 

Hard gray limestone ; 3 

■Clay, shale, and sandstone with pyrites 77 

Blue and gray limestone 28i^ 

■Quicksand . ., 2^ 

Alternate aalt and limestone 18 

Eock salt 300 

Blue and black sand 8 

Total 530 ft 

PRODUCTION, 

Texas produced 50,502 short tons of salt in 1906. This was 
all obtained from brine by solar or grainer process. 
Utah. 

Salt is manufactured on the shores of Great Salt Lake by 
solar evaporation from the lake water, and brine is also ob- 
tained at Nephi City, Juab County. 

Rock salt occurs at Nephi, where small quantities have been 
mined, near Gunnison, Sanpete Comity, and in Sevier and Salt 
Lake counties.*^ The deposits are cruBtal. That in the dried 
bed of Sevier Lake is about 8 miles long, 5 wide and 5 inches 
thick and is composed of a variety of salts, sodium sulphate 
being more abundant in the center and sodium chloride toward 
the margin of the deposit. 

QBBAT SALT LAKE. 

The brine as taken from Salt Lake is h^hly concentratod, 
canning 20 per cent of saline matter. On account of this de- 
gree of concentration it is practically free from gyptium and 
calcium carbonate. 

41. Ifln. R««. of th« U. a for leOfl. 
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Analyses. — The following table of analyses taken from an 
article on "The Salt Industry in Utah and California" by E. C, 
Eckel of the TJ. S, G. S., shows the variation in composition and 
density of the brine in different years: 

Year 1850 1869 1873 1886 1889 

Analyst L. D. Bill 1. 0. Illfi H. limit J. E. TiIm|1 

Sodium Chloride 20.20 11.86 8.85 13.59 15.74 

Potassium chloride 

Magnesium chloride... .25 

Sodium sulphate 1.83 

Potassium sulphate 

Sodium sulphate 





1.89 






49 


1.19 


1.13 


2.01 


93 


1.09 


1.42 


1.05 


53 




.43 


.47 


09 


.20 


.15 


.28 



Total solid contents... 22.42 14.82 13.67 16.72 19.55 
Density 1.17 1.111 1.102 1.122 1.157 

The following are analyses of commercial salt made from 
brine of the Great Salt Lake : 

Oxide of silicon 214 .472 .201 .102 .007 

■Sodium chloride 98.101 98.300 98.121 98.407 99,927 

Calcium chloride 322 .345 .311 .371 Tr. 

Magnesium chloride ... ... ... Tr. 

Calcium sulphate 364 .680 .422 .650 .058 

Magnesium sulphate. . .021 .042 .022 .030 
Water 952 .158 .911 .442 .008 

Methods of Working.i* — The methods used at Salt Lake City 
are in principle the same as those used in the solar evaporation 
plants of San Francisco Bay in California. 

HISTORY AND STATISTICS.** 

The Mormons began collecting salt from pools along the shores 
of Great Salt Lake in 1848. Westerly winds filled these pools 
or depressions along the shore with lake water, which evap- 
orated in the dry season, leaving crusts of salt on the bottom. 

(*. A full account of the method of salt harvesting and milling- 
In use at Salt Lake Is given In U. S. a S. Bull. 213; "The Salt Indus- 
try in Utah and California," by E. C. Eckel, 1903. 

i3. For accounts of the history of salt making In Utah, see U. 8. 
a. a. 10th Ann. Rept., Part VI, 1E98, p. «0S. 
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The first artificial ponds for the evaporation of the lake water 
were made about 1860. The utilization of the chlorination pro- 
cess for the reduction of silver ores about this time gave the 
industry a great stimulus. The Alice mine at Butte, Montana, 
was the first to use salt for that purpose, and it was sent there 
on pack mules at a cost of $200 per ton. 

In 1906 Utah produced 36,710 short tons. 
Virginia. 

Althoufch rock salt is found at several localities in the State, 
it is only coromercially important near Saltville, Smyth County. 

SAI/rVlLLE. 

Saltville lies in the valley of the North Fork of the Holston 
River. A fault with a throw of about 8,000 feet passes through 
the town in a direction 60° east of north anS is continued up the 
valley. The salt occurs on the northwestern side of the fault 
only, in a belt between it and the foothills of the valley. 

Occurrence and Age. — The salt occurs interbedded with 
shales and shaly limestones of the lower member of the Green- 
brier Limestone of the Carboniferous. 

Thickness of the Salt. — A shaft sunk in 1840 indicated 8 total 
thickness of 166 feet of salt with some interbedded shales. The 
top of the salt is 220 feet from the surface. Prof. H. D. 
Rogers,** in an article written in 1854, states that one well 
passed through 300 feet of salt with a little clay. A later esti- 
mate gives the thickness of the salt and included shales as 175 
feet. 

The shales above the salt bed are very much weathered and 
are chained with a strong brine. 

Analyses. — The following is an analysis of rock salt found 
in the shaft referred to above : 

Sodium chloride 99.084% 

Calcium chloride Trace 

Calcium sulphate 446 

Iron and aluminum oxides 470 

U. "Report on the Salt and Gypsum of the Holston River, Vlr- 
Sltila," H. D. Rogere. 1854; reviewed In Am. Jour. Sci., Series n, VoL 
U, p. 273. 
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Brine from a depth of 193 feet sIlowb the following oompo- 
sition: 

In 1,000 frrains of brine. 

Sodium chloride 240.52 

Calcium sulphate 5.35 

Calcium sulphate 446 

Iron and aluminum oxides Trace 

HISTORY AND STATISTICS.**' ■•* 

Salt was gathered from the lick above the deport by Indians 
before the advent of the whites. 

Rock salt was discovered in 1840. There has been no att^npt 
at direct mining, tlie salt being manufactured from brine. 

In 1854 there were five brine-producing wells in the Holstoa 

Valley and during the Civil War 10,000 bushels were produced 

per day. The industry has since declined and at present the 

brine is used only for chemical purposes. 

Peamsylvania.**'* 

OCCURRENCE. 

At Saltsbui^, on the Conemaugh River, there was a consid- 
erable output of salt at one time, derived from a weak brine in 
the Pocono sandstone of the Sub-Carboniferous. 

In Clearfield County, salt water was found in a w^l at a 
depth of 548 feet. 

PRODUCTION. 

In 1884 there were 16 salt-making establishments in ihe State. 
In 1892, the first published report gave an output of 25,571 
barrels, which is probably below the actual production In 
1893 the output was 280,343 barrels, but in 1898, ttie last year 
in which the production for Pennsylvania wa« published sepa- 
rately, it had decreased to 154,287 barrels. 

iS. "Salt and Oypsum Depoalts of Southwestern Virginia," br 
Edwin C. Bckel, U. S. G. 8, Bulletin No. £13, See also: 

iS, "Notea on the Holston (Virginia) Salt and Gypsum," by 
Wyndham Robertson, in the Virginias, Vol. 3, 1888. 

it V. 8. Q. S. Atlas of the U. S.. Folio No. 82. 

iS. "Some Recent Discoveries of Rock Salt in Western New 
Turk," J. S. Newberry, N. T. Acad. ScL TranB., Vol .4. 

». "A Salt BoritiK in Clearfield County, Pa.," J. H. Hal«, Am. PfaU. 
8oc Froc.. Vol. B. 

M. U. 3. a. S. aist Ann. Rept. 18»-1>00, "S-\\t." by B. W. Parker, 
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Nevada." *■ 

HOCK 9ALT. 

A thick deposit of rock salt outcrops in a bluff facing tlia 
■stream in the valley of the Virgin River, a few miles north of 
-the Colorado River, in the southeast portion of the State. Twenty 
-miles up the river on the west side of the stream there is a sim- 
ilar deposit of less extent. 

The salt contains about 90% sodium chloride and was worked 
"to some extent in an open quany in 1883. 

BRINE AND SALT CRUSTS. 

Deposits of salt crusts in alkali Q&\b occur all over the State. 
Enough salt eould be harvfsted in most of the large counties to 
■supply the local demand. 

PRtM>UCTION. 

In the eighties, most of the salt output was used in the silver 
onills, but since then the production of salt has declined and in 
1906 only 11,249 barrels were produced in Nevada. The salt is 
iron at present only in Washoe and Churchill counties and is 
-obtained from brine by solar evaporation. 

IDAHO. 

Salt deposits occur in Idaho in Bannock County, near the 
"Wyoming line. The salt is won by the open-pan process, with 
ifaeat applied directly underneath. 

In 1906 Idaho produced 1,574 barrels. 
NEW MEXICO. 

Salt is manufactured in Torrance County, New Mexico, by 
tte solar evaporation of brine. 

Production of Salt in the United States. 

In early colonial times sea salt was made at a few places on 
"the eastern coast of the United States in primitive ways. It 
is said that the possibility of making solar salt in this climate 
was first suggested by finding salt crystals in empty mussel 
-shells on the beach. The first evaporating shed was put up at 
Cape Charles, Va., in 1820. but the colonistB depended largely on 
Tsalt imported from England. Shortly before the Revolution the 
price of English salt rose so enormously that many families 
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be^an to make their own salt, whieh, as a rule, contained many 
impurities. Later a better grade of salt was made from brineft 
inlaod which had long been used by the Indians. 

During the past quarter century the inoreaae in the pro- 
duction of salt in the United States has been enormous. In 22" 
years it quadrupled. During the past two years the most strik- 
ing feature has been the increase in the production of brine- 
due to the growth of chemical industries daring these years. 

The United States leads the world in the production of salt. 
In 1906 the total output was 3,944,133 short tons. 
Importation and Exportation.'*^ 

According to the present tariff law, which went into effect ia 
1898, the duty on foreign salt entering the United States is 8^ 
cents per hundred pounds for salt in bulk and 12 cents per 
100 pounds for salt in bags or barrels. The duty on imported 
"packers" salt may, under certain conditions, be remitted. 

In 1906 the total quantity of salt imported into the Unit*^ 
States was 349,262,660 pounds, valued at $508,862. The imports- 
are chiefly from the United Kingdom, the West Indies. Italy 
and Canada. The imports from the West Indies deiilined from 
1903 to 1905, but rose again in 1906 and amounted in that year 
to nearly 93,000,000 pounds. 

The United States in 1906 imported 67,976,581 pounds of 
salt, valued at $274,627. The export trade has been gradually 
rising during the past five years. The marked feature in 190ff 
was the increased exportation to Asiatic Russia and Cuba. 

The average net value of salt in the United States in 1906 waa- 
23 cents per barrel, or $1,69 per short ton. 
Caruuia. 

According to the latest returns, all the salt produced in Can- 
ada comes from the Goderich salt field (see Plate XL) in 
Ontario, where it is manufactured from an underground bed 

SS, Imports of Merchandise, Dept. Commerce and t«bor. No. V 
1902-1906, pp, 310-311. 

j«. Monthly Summary of Commerce and Finance of the U. S.^ 
Nov., 1906, p. 985. 

5T. Mln. Res. in the U. S. for 1906, advance chapter, "Productloik 
of Ha'.t." by A. T. Coons. 

164 
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of rock salt by the artificial brine process. Small quantities 

have at times been made from brine springrs in other localites. 

Brine Springs.'^ 

New Brunswick. 

Near Sussex, in Kintr's County, salt was made from brine 
springs for more than 100 years. The production between 1887 
and 1897 averaged 150 barrels per year. The springs ocenr in 
Ijower Carboniferous strata. Similar springs oeeur at Salt 
Springs, King's County, and on the Tobique River, Victoria 
County. 

Nova Scotia. 

At Antigonish, Nova Scotia, salt was formerly made from 
brine springs in Carboniferous strata. Some was also manufac- 
tured at West River, in Pictou County. 

The specific gravity of the brine in New Brunswick and Nova 
Seofia is seldom more than 7% Ba.ime. 
Manitoba.*' 

In Manitoba salt springs occur on the shores of Lake Mani- 
toba and Lake Winnipeftoosis. On the south end of the latter 
lake salt was made from the brine for a long time. One hundred 
barrels were produced here in 1874 and between 30 and 40 in 
1896. Salt was formerly made from a brine spring in the Red 
River Valley, 13 miles below Winnipeg, and a strong brine 
occurs at White Mud Creek. The two latter are in a belt un- 
derlain by Devonian strata. Lenses and crystal masses of salt 
are said to ocenr in a porous dolomite in the Devonian. 
Northwest Territory. 

Redberry Lake, 35 miles west of Carlton, on the Saskat«he- 
tvaa River, is saline. Salt springs with strong brine occur on 
the Clearwater or little Athabasca River. Twenty miles up 
the Salt River, which enters the Great Slave Lake 100 miles 
below Lake Chippewyan. considerable amounts of salt have been 
collected in a plain from a enistal deposit formed by brine 
springs. Another large deposit is said to occur on the Portage 
midway between Great Slave and Great Bear lakes. On Grpat 

M. See volumes of the Canadian Oeologlcal Survey, Reports of 
Frosress and Annual Reports from 1S63 and later. 

S9. Manitoba Hist, and Scl. Society. Trans., No. ;7, 1S86-T, Foot- 
steps of Time In the Red River Valley." 
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Bear Lake Elver, just below the rapids, a small stream enters 
from the Boutb. The Indians formerly gathered salt from a 
«rustal deposit near its source. 

British Columbia. 

In British Columbia there is a salt pond near Lake Temapbo 
and a salt spring on the northern end of Admiral's Island off 
the east coast of Vancouver. 

Bo eft Salt. 
Ooderich Field.*** 

The only known deposit of rock salt in Canada occurs on the 
«ast and soath of Lake Huron. The beds of salt are similar in 
character and of the same geolt^cal horizon as those in New 
York. 

EXTENT. 

The salt is worked within a strip of country about 40 miles 
wide along the eastern and southern shores of the lake in the 
Counties of Essex, Lambton, Middlesex, Huron, and Bruce. 

The two localities in Perth County mentioned in the statis- 
tics" published in 1886 are indicated on the map, PI. XL. In 
1900 there were no producing wells in Perth County."* Borings 
have proved the absence of salt beds at Inverhuron, nine miles 
north of Kincardine and Leeswater, 20 miles sonth and east of 
the same place; also at Mitchell, 11 milra southeast of Sea- 
fortb, thus roughly establishing the northern and eastern limits 
of the field. To the south it extends for about 150 miles into 
Essex County. 

OCCUREENCE OP THE SAL/T. 

The salt occurs interstratified with soft marls, dolomite and 
anhydrate, which have been referred to the Salina group o£ the 
Upper Silurian, 

eo. "The Goderioh Salt Region/' by T. S. Hunt. 186B, Canadian 
Geol. Surv., Kept, of ProgreBS, 1866-70, pp. 211-244. 

ei. Can. Geol. Surv.. Rept of Progress, R76-7, pp. 221-243, with 
section. The latter report Is also pubtlahed In the Transactlona ot tha 
Am. Inst. Mln. Eng., Vol. 6, pp. 638-B60. 

«. "The Salt Deposits of Western Ontario." J. Qlbson, Am. Jour. 
Scl., Seriea III, Vol. B, pp. 862-369. 

OT. "The Manhattan Salt Mine at Ooderich, Ontario," O. J. Hein- 
rloh, Am. Inat. Min. Bng. Trans., Vol. 6, pp. 125-144. 

n. Can. Geol. Surv.. Rept. of Prosress, 1874-6, p. 2SS; Ann. Rept., 
new BBrles, Vol. Xin, 1900, pp. 128-130 S: Ann. Rept, new series. Vol. 
11, 1886, pp. 63-72 S. 
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Iq a test boring** put down on the north bank of the MaitlAnd 
Biver near Ooderich in 1876, six beds of salt with a total thick* 
ness of 126 feet were passed through within 388 feet, the boring- 
ending in soft marls with dolomite and anhydrate 132 feet 
beneath the last bed of salt (see PI. XLI). Above the salt 
come 121 feet of marls, 243 feet of dolomite with gypsmn, 276- 
feet of coralline and eherty limestone with beds of dolomite and 
278 feet of dolomite with thin layers of lunestone. The latter 
dolomite formation has been correlated with beds of the Water- 
lime Group of Upper Silurian Age on the shores of Lake Erie. 
The dolomite is covered by 78 feet of drift deposit. The 
Salina in this region rests upon the Guelph Oroup. an upper- 
continuation of the Niagara limestone. 

DEPTH OP UPPER BED. 

At Kineardine the upper bed of salt is 883 feet from the sur- 
face ; at Wingham, 1,090 feet ; in the neighborhood of Goedrich, 
from 967 to 997 feet ; at Seaforth, 1,035 feet ; at Clinton, 1,116 
feet; at Exeter, 1,194 feet, and 1,200 feet at Warwick, Lambton, 
County. At Windsor, in Essex County, 389 feet of salt wa& 
found in a well 1,673 feet deep, so that the first bed could not 
have been much below 1,200 feet. These figures indicate a dip 
to the east and south, 

COMPOSITION OF THE SALT. 

The second bed of rock salt in the boring above referred to is- 
suitable for mining throughout almost its entire thickness. An 
analysis is given below of a representative sample taken fronv 
a 10-foot layer of particularly pure salt in thb bed: 

Sodium chloride 99.687 

Calcium chloride 032 

Magnesium chloride 095 

Calcium sulphate 090 

Insoluble in water 017 

Moisture 079 

100.00 
The sodium of chloride was found by difference. 

6-:. Can. Geol. Surv., Rept. ot ProgreBB, 1876-7, pp. 311-144. 
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It is estimated that this band of salt 10 feet thick would 
yield 22,200 tons per acre, allowing for waste in mining. 

METHODS OP WORKING.^ 

The salt has been worked entirely by the artificial brine pro- 
cess described above. (See "The Salt Industry of the United 
States.") 

An attempt was made to sink a shaft at Ooderich but was 
abandoned on account of an influx of water. There were 23 
salt-making concerns in this field in 1903. 

HlffrOEY AND PRODUCTION."** 

Rock salt was first discovered in this region in a well put 
down for oil at Goderich in 1866. Four more were put down 
at Goderieb in 1868, the five producing 375 barrels per day 
at the end of the year. 

In 1905 Canada produced 67,340 ^ort tons of salt, valued at 
$320,858. 

Mexico. 
General Occurrence, 

On the high plateau of Mexico there are salt deposits in lake 
beds which are very similar to the salines of the Argentine. 
Brine springs, saliferous earths and rook salt deposits also occur. 
But the greater part of the salt produced in Mexico is made 
in sea salines, as that from the brines, salt lakes and saliferous 
earths is impure and is used almost entirely for the amalgama- 
tion of ores. 

SAW LAKES. 

The salt lakes of Mexico vary greatly in the amount and 
kinds of salts"* that tiiey contain, but in general they form a 
deposit known as tequezquite,^ which is a corruption of the 
Mexican word tequixquitel, "something like a stone." It is a 
mixture of salts, chiefiy carbonate of soda and sodium chloride. 
When sodium chloride predominates, the deposit is called sal- 
Herra, or earthy salt, which is used in the reduction of lead 
and silver ores.. 

us. Bnglneerlnj- and Mining Journal, July 34, 1S88, p. BB. 

CT. Geo], Surv,, Canada, Ann. Rept., new series. Vols. II, XIII; 
Report of ProffresH, 1874-7B; Mln. Res. or the United Stntes for 1906. 

BS. Das Sail, Von Buschman, LelpzlE, 1906. 

SB. Buli. Soc. Geol. de France, Vol. 22, 1886, pp. 465, 47!. 

TO. Vtllada. El Tequezqulte. 1870. 
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Every year saltieira is harvested from Lake Texoeo, a lai^e, 
•hallow lake near the City of Mexico. Salt is also obtained 
from the lagimilla de Salinas, north of the eity, near Tula, but 
it contains sulphates of sodium and magnesium, as well as sodium 

cM-.ri.lr.. 

There are also a uumber of lakes from which salt ia har- 
vested in the States of San Luis Fotosi, Zacateeas and Durango, 
The most important salines in these states are those of San 
Antonio, Santa Clara, Doncella and Penon Blanco. 

In the State of Coahuila there are salt deposits in the beds of 
ancient lakes, which have been exploited since 1899, when the 
industry was encouraged by cheap freights on the neaitiy rail- 
way. 

BRINES. 

Brine aprings^^ flow from the Upper and Lower Cretaceous 
and from Tertiary beds. The Lower Cretaceous brines are in 
the State of Puebla; the Upper Cretaceous in tht Slate of 
Coahuila, and the Tertiary in the State of Tamaulipas 
8(Uiferous Deposits. 

In the highlands of the State of Oaxaca about 100 tons of a 
«oarse. impure salt is made from saliferous earths and is called 
Sal de boya. It is used only for cattle. 

Saliferous deposits are also found in tlie State of Puebla, 
near San Nicolas, Tehuacan and several other localities and in 
the State of Chiapas, near Iztapa and Tonala.™ 

In the saline of Ixtapa the Indians obtain salt by dicing a 
pit in the Tertiary conglomerate and evaporating the salt water 
which gathers. A fine white salt is ihade by boiling the brine in 
pottery jars. 

ROCK SALT. 

In the north of Mexico, in tlie State of Neuvo Leon, at the 
salt mines of Sabinas, an American company in 1903 put up 
a, plant valued at $70,000 and sank a shaft with the expectation 
of finding rock salt.'* It was expected to return a good profit. 
as the brines had been paying well for years, althoniih the s:ilt 

ti. Aguilera, Trans. Am. Inst, Min. Bng., 3S, 1902, p. 502. 
«. Boletfn del Inst. Geol. de Mexico, No. 11, 1898, l>. BT. 
73. Engr- and MIn. Jour., March 23, 1»03, i-. 491. 
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pits were worked only by burro power and hand-made evap- 
orators. 

The primitive way of pumping up brine by bcrro or mnle- 
power in vogue in Mexico is shown in the accompanying pho- 
tograph (Plate XLII) which ehows a mule drawing up an end- 
less chain of buckets full of brine. 

According to El Economiato Mexieano, in 1902 there were- 
two rock salt mines in operation, but no description of them waa 
given. 

SEA SALT. 
Sea salt is produced in lagoons on both the Atlantic and 
Pacific coasts.''^ 

Central America. 
Guatemala.™ 
In Guatemala there are strongly saline brine springs in- 
several localities as near the cities of Cohan and Quiche. The- 
latter are north of the town and are evaporated for salt in the- 
Saline of La Magdalena. 

The Indians and their ancestors have made salt from brines- 
for centuries, but at present nearly all the commercial salt made 
in Guatemala is sea salt. 

SEA SALT. 

Along the Pacific coast there are a number of salines, of 
which the most important are those near the harbor of Cham- 
peric, where there are four salines of Acapan, Chapan, Ixtan and 
La Verde. 

BOCK SAUr. 

There are several important rock salt mines near the town of" 
Huehuetenango, which are called the San Mateo salt mines. 
Small quantities of salt are mined by the Indians in a very 
primitive way. 

The domestic salt is not produced in large enough quantities 
to supply Guatemala, and salt is imported chiefly from Nieara- 
gua, Peru, the United States and England. In 1904, 2,99& 
metric tons were imported. 
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PBODUOnON AND COST. 

In 1902, 2,760 metric tons were prodnoed. The cost of pro- 
duction is about 67 cents per cwt. There is a tax on salt pro- 
dnction, but it is not a State monopoly. 

In the City of (Guatemala in 1903 the wholesale price of 
doemstic salt was $1.70 per cwt. Imported salt is somewhat 
cheaper. 

Salvador. 

No brines or rock salt deposits are known in Salvador and 
only sea salt is produced. 

According to Von Buschman,™ there are four salines on the 
coast of Salvador, at Usulutan, San Vincente, Zacatecoluca and 
Sonsonate. 

The production of the salines varies with the weather, but 
in general is between 2,300 and 3,700 metric tons. Occasionally 
late rains destroy the harvest, as in 1903, when the price of 
■alt was raised 100%. 

Not much salt is imported because of the tariff of $2.40>$2.80 
per ewt., which is set aside only in times of great scarcity of 
salt. Salt can be imported most cheaply from Peru. In past 
years about 800 tons were imported from the United States, but 
this has constantly decreased «nd in 1904 unly 26 tons of 
American salt were imported. 

Salvador exports salt to Honduras only. 

The price of salt varies at San Salvador from $0.80 to $4.80 
per cwt. 

Honduras. 

As there are no brines, salt lakes or rock salt deposits in Hon- 
duras, only sea salt is made. 

In the dry season, from November to April, salt is made in 
primitive ways by the people who live along the coast, and is. 
taken to the villages just before the rains set in. 

In 1901, about 2,646 metric tons were made in Honduras. 

Small amounts of salt are imported from Salvador, Nica- 
ragua and the United States. The tariff on salt for cooking is 
$1.40 per ewt. 

Salt is exported to Guatemala and Salvador. 
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Nicaragrua. 

In Nicaragua, as in Honduras, there are no brines or salt 
deposits and sea salt is made along tlie entire coast. 

In the sea salines the sea water is evaporated in open vats or 
«ftrtben jars and a poor qoali^ of salt is obtained. 

English table salt is principally imported, and, in 1903, 174 
tons were imported from the United States. 

Salt is exported from Nicaragua to Quatemala and Salvador. 
In 1903 the total export was 223 metrie tons. 
Costa Riea." 

As in the other Central American States except Guatemala, 
tiiere are no brines or rock salt deposits in Costa RJoa. 

Sea salt is made during the dry seasons, from November to 
April, in the Qnlf of Nieoya, and is then delivered at Pnntas 
Arenas. 

Before the protective tariff of 1901 the total produedon 
amounted only to about 750 metric tons. Since then it has in- 
ereased to 2,300 metric tons in 1903 and is likely to eontinoe 
increasing. 

Salt is imported chiefly from Germany and, in 1904, 64 tons 
were imported from the United States. The tariff is $1.50 per 
cwt. The domestic salt is used principally for cattle and for 
salting provisions. 

No salt is exported. 

The West Indies. 

Sea salt is made on a number of the Lesser Antilles and on 
the Bahamas and on several of the islands north of the Vene- 
zuelan coast. 

Bock salt has been found only in Santo Domingo. 
British West Indies. 

On the British West Indian Islands sea salt is made on St. 
Kitts, Tortola and Anegada, in the Lesser Antilles and on In- 
agua, Rum Cay, Ba^ed Islands, Turks and Caicos Islands, in 



Turks and Caicos Islands are the most productive. Two 
grades of salt are made, a small quantity of finer grade for 
domestic purposes, and a large amount of coarse salt for packing. 
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The salt is prepared by the firm process," as in tbe Mediter- 
ranean salterns. Shallow pools or lagoons axe formed and in 
them the water evaporates. Crystallization be^ns when the 
brine beeomes concentrated, the eryatals 'beang large or small 
according to the rapidity of evaporation. After sufficient sslt 
has been deposited, boards are laid ont on trestles in the watear 
and workmen go into th^ water with sboveU md throw the salt 
ont on tiie boards, where it is allowed to drain. When dry it 
is taken into tbe warehouse and later shipped. 

The coarse salt sells at $2.06 per metric ton when the tax 
of 27 centa on production has been paid to the government. 

In 1904 Turks and Caicos Islands together prodneed 30,951 
metric tons. On the average 40,000 metnc tons are annually 
produced, of which 30,000 are exported to tlte United States. 
The finer grades are sent to Nova Scotia and the French North 
Atlantic Islands, St. Pierre and Miquelon. 

On the Island of Trinidad mud volcanoes" occur in a blue 
day formation. The volcanoes eject cold salt water and gray 
mud with iron pyrites and water-worn pebbles. The volcanoes 
do not appear to be connected with the sea. Eruptions are 
most active in the rainy season. 

Very pure gypaaim** is found on the island, but no rock salt. 

All the salt used is imported. 

French "West Indies. 

On Martinique, Ouadalonpe and their dependencies, including 
a part of St. Martin, sea salt is made in lagoons. 

The saline of St. Martin is the most important and produces 
annually 20,000 to 30,000 barrels. This saline supplies Mar- 
tinique and Guadaloupe and exports salt to the United States 
and Canada. 

Salt is imported to the French West Indies chiefly from 
France and in lesser amounts from neighboring islands and 
from the United States. The tariff is 25 cents per cwt. The 
selling price is from 15 to 30 cents per cwt. 

TS Expert for Robert Crooks Co., New York, 

» Bowen, The Qeology of Trinidad, Qeol. Journ., vol. 12, 1866, 38t, 
SO Wall and Hawklna, Economic Qeologj' of Trinidad. Smitluonlan 
Heport. 1SE6. 
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JDateh West Indies." 

Salt is made on the Dnteh Islands chiefly at Curaooa, Bonaire, 
Aruba and the Dutch part of St.. Martin. The salt is obtained? 
in coastal la^ons and on Curacoa and Bonaire also in salt pans- 
some distance from the sea. On Curacoa about 25,000 metric 
tons are produced annually, and some 10,000 exported. In 1903" 
Bdnaire also exported 10,000 and St. Martin 6,000 metric tons. 

There ia no duty on salt, but there is an export tax in all 
the Dutch islands except Curacoa and Saba. 

The Dutch West Indies export chiefly to North America and" 
to Colombia, in South America, where the sea salines are floodedi 
by the raina and no salt can be made. 

Danish West Indies, 

Some sea salt is made on the islands of St. Croix, St. John and^ 
St. Thomas, but not in lai^ enough amounts to export, 
Cuba. 

At Salinas Point and several other parts of Cuba there are- 
salines, though as a rule salt is not obtained from them. But: 
near the Chaparra sugar estate there is a salt pan which is sep- 
arated from the sea by a barrier about half a mile wide which- 
the sea water Altera at the spring tides. When it evaporates, a 
crust of salt is left, which is raked up and harvested. Much' 
of this salt is of a distinct pink hue. 

Six sea salines have been in operation in the provinces of 
Havana and Pinar del Rio since the protective tariff was estab- 
lished in 1903. In 1905 the duty on ordinary salt was placed' 
at 25 cents per cwt. and on pulverized rock salt at 38 cents, 
per ewt. 

Salt is imported chiefly from Spain. There is no exportation - 
of salt. 

In Santiago, in 1903, the wholesale price of pulverized roefc- 
salt was $1.00 per cwt. 

Santo Domingo and Hayti. 

In the soiathwestfm part of Santo Domingo salt has been- 
obtained for centuries from the Cerro de Sal, or the Salt Moun- 
tain of Naybes.** It is half way between the harbor of Bara— 
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bona and the salt lake Bnriquillo. The mountain is 7 or 8 miles 
long, 500 yards high and about two miles wide. An immense 
mass of salt 250 to 300 feet broad, is exposed on the north side 
of the mountain. The gait is Miocene. The beds are strongly 
tilted and include layers of pure and almost transparent gyp- 
sum. An analysis of the rock salt shows that it is 97.8% 
sodium chloride.^ The deposit is not regularly exploited but is 
dug out by the people here and there in holes. Brine springs 
are found over a considerable area in the vicinity of the monn- 
tain. 

In Hayti there are sea salines along the coast, especially at 
Gonaives, where a poor quality of salt is made. 

Kot enough salt is made to supply the island, so it is imported, 

principally from Turks and Caieoa islands. 

Porto Rico. 

There are a number of lagoons around the Island of Porto 

Rico from which a considerable amount of salt is obtained.** 

The principal salines are those of Coama, Quaniea and Sierra 

de Pinones de Caba Hojo. The owners of all these salines have 

become wealthy. Sufficient salt for the necessities of the island- 

I can be easily produced from these deposits. 

In 1903 the wholesale price of salt in San Juan was 40-50 
(. /,'ents per cwt.*^ 

\ South America. 

Venezuela. 

Only sea salt is produced in Venezuela, It is possible that 

thi-re are rock salt deposits in the mountains, but no effort is 

made to discover them, as the production of rock salt is contrary 

to the Venezuelan laws. 

SEA SAivr. 
A great deal of sea salt has been made in past times along the 
northern coast from Cmnana to Maraeaibo and on the neigh- 
boring islands, as Margarita, Cayo-du-Sal and St. Roque. 

The most interesting of the sea salines is that on the pen''- 
sula of Araya, not far from Cumana, which was discovered by 

M Von BuBchman. Das Salz, vol. 2. 401. 

■1 Hill. Bxt. !Otli Ann. Rept U. 8. G. 8., 1898-1899. p. 7. 

it Von Buschman, vol. t, p. 406. 
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Alonzo Ninno in 1499. Even tlien the Gtuayquerias Indians 
obtained salt from the lagoon and their aacestors had done so 
since very early times. The SpaniardB who settled at Comana 
appropriated the salt woriis of Araya and made s«a salt there 
from the be^nning of the sixteenth century. But as there was 
no settled population on the peninsula, the Dutch South Ameri- 
can and West Indian colonists made frequent raids on Araya 
and stole the salt. To prevent this, in 1605, Spain sent armed 
vessels to expel the Dutch ; but even this was not sufficient to 
stop the contraband trade, and in 1622 a large fortress. tHe 
Castillo de Santiago, was built to protect the salt woi^ 

The geological history of Araya is as interesting as its polit- 
ical. Laet, in 1633, wrote that the salt lake was separated from 
the sea by a barrier above the level of high water. But in 
1726 a hurricane of great violence occurred. The ocean broke 
Uirough the barrier and converted the salt lake into a gulf sev- 
eral miles in length. The old salt works were entirely destroyed. 
Later, salt pits were made, but the salt could not be so well 
obtained as from the former lake. Humboldt,^ at the close of 
the eighteenth century, visited these "new salt works" and 
found it hard to believe that the salt of Araya had once been 
the envy of the English, Dutch and all the other maritime 
powers. 

At the present time ordinarily the lagoon is not connected 
with the sea. Thus it is evidently returning to its former con- 
dition, and it has again become one of the important salines of 
Venezuela. After a long time without rain the greater part of 
the lagoon becomes dry. What water remains is three to f've 
feet deep and the salt is obtained from the diollower parts. 
The peninsula is so intensely hot during the day that the salt 
is harvested only at night. It is shoveled out of the water, put 
in baske>t8 and piled up on the banks.*^ 

There are also salines at Maraeoibo, Barcelona, along the QiHi 
of Trieste and on the Island of Goche, wluch is between ftlar- 
garita and Araya. 

W Travels In Equatorial RcKlana (rgm ITIB-lSOt, vgL S, ISlft, Ird 
«d.. Hi. 

tr Von BuschniBD, Doa S&Iz, vpL 2, 48G74BT. 
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The lagoon at Gocbe is separated from the sea by a barrier 
800 yards wide, throi^h which a canal is cut for the entrance 
of sea water. The salt begins to crystallize in Jannai? or Feb- 
ruary, and in March or April it is harvested. Many laborers 
are employed and 18,000 metric tons are annually prodnced 
IiAWB REIiATIva TO PBODDOTION AND SALE OF SAl/T. 

The production and sale of salt in Venezuela is a State mo- 
nopoly, controlled by stringent laws. 

Salt can be transported by land or water only with a special 
permit. All consignments of salt forwarded without such a 
permit are confiscated and also the ship in which they are sent 
or the pack animal or conveyances, whatever they may be. 

IMPORTATION AND PEODUCTION, 

The importation of salt by private individuals is absolutely 
forbidden by the laws of 1889, 1900 and 1902. Punishment for 
any attempt to break this law consists in the contiscation of the 
ship's total cargo and payment of double the tariff and the cosrt 
of the proceedings. But, when necessary, the government im- 
ports salt from the British West Indies and the Island of Trin- 
idad. 

Except for small quantities of English refined salt, imported 
by way of Trinidad, only sea salt is used in Veneznela. 

No salt is exported. 

In 1904 Venezuela produced 7,410 metric tons of salt." 
British Guiana. 

There are no rock salt deposits and no salines in British 
Guiana, All the salt is imported. 

The tariff on refined salt is 75 cents per cwt. and on coarse 
salt 37 cents. There is an additional 5% revenue tax. 

The salt is imported mostly from England and the West 
Indies. In 1903 the total import was 712 metric tons. Part 
of the imported salt is reshipped to the Dutch and Fr^ich 
West Indies and to Dutch and French Guiana. 

The wholesale price in Georgetown (Demarara) in 1903 was 
tl.30 per cwt. for refined salt uid $1.12 per cwt. for coarse 
■alt. 

M Bothwell, Min. Ind., IMS. p. C12. 
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■Dutch Guiana. 

No salt is produced in Dutch Guiana, but iu the interior the 
Indians and Buschnegers are said to make small quantities of 
plant salt from the ashes of a species of palm, as is done in 
Madagascar, Central Africa and Brazil. 

The tariff on coarse salt is 60 cents per cwt and on refined 
salt 80 cents per ewt. Attempts to enter salt without pay- 
ment of duty are punishable by a fine and confiscation of the 
cargo. 

About 300 metric tons are annually imported. The coarse 
salt is mostly from Barbadoes, Cura^oa and British Guiana, 
the refined from Holland and Ent^land by way of Demerara. 
French Guiana. 

A small quantity of salt is made in French Guiana, but no 
rock salt deposits are known. 

Nearly all the salt used is imported from France. In 1901, 
339 metric tons were imported from that country. 
Colombia." 

In Colombia sea salt, evaporated salt from brines, and rock 
salt are produced. The Andes, as in Peru, are rich in salt de- 
posits which are exposed at several places near Bagota, and 
their presence elsewhere is indicated by the occurrence of brine 
springs. - 

SEA SALINES. 

There are sea salines on the northern coast on the Caribbean 
Sea near Magdalena, and on the western coast, on the Pacific, 
west of Bolivar. 

In Panama an impure sea salt is made at Aguadolee. 

BBINB SPRINQS. 

The saline of Youza is a little northeast of Bogota. The brine 
from the springs is transferred in lai^ jars, carried hy men 
and women on their beads, to the boilng vats, where it is boiled 
for five days and nights. 

In the province of Antioquia salt is also made from brine 
springs, which there are a great number. Some contain a 
large proportion of sodium chloride, while others contain also 
sodium and magnesium sulphate, which often occur in such 

B» Von BuHChnuin, Da« Salt, vol, !, pp. 4GI-4ET. 
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■amounts as to render the brines unfit for use. Iodine is also 
found in many, and to it is attributed the wide-spread preva- 
lence of goitre among the people who use the salt from these 
brines. Of the many salines in Antioquia the most important 
is ttat of Guaea, west of Medellin, where nine brines of vary- 
ing degrees of salinity are evaporated. They' all contain iodine. 
These brines flow from Carboniferous beds. 

KOCK SALT. 

The most important salt mine of Colombia is that at Zipa- 
-quira, four hours' drive northeast from Bogota, The salt works 
look like a fortress, as they are surrounded by strong walls. 
The traveler Bei^r, who visited the works, found men em- 
ployed in breaking up with pickaxes the earthy salt which 
forms the surface outcrop, while women gathered up the broken- 
np lumps in baskets, which they emptied in a nearby pool. 
The brine made in this pool ia led in open gutters to the refinerv, 
■where, by boiling and evaporating it, a fine white salt is obtained. 
Koek salt in blocks is also won underground at Zipaquira, where 
it is mined in large galleries. The salt is often remarkable for 
its wonderful transparency. The salt works belong to the State 
and are leased to the mining company 

The tariff is constantly changing. In October, 1903, it was 
flet at $2.30 per cwt. on salt entering the Atlantic ports, but in 
February, 1904, this was increased to $5.70 per cwt. The tariff 
in Panama is $1.02 per cwt. 

The imported salt is from the Island of Curaeoa and from 
tile Peruvian maritime salines. In 1904, 76 tons were also im- 
ported from the United States. ' 

No salt is exported from Colombia. 

The price of salt varies with the grade. In 1903 Curagoa salt 
was sold in Colombia at $7.00 per cwt. 

There are no estimates of the total production. 
Ecuador. 

There are a number of brine springs in the Andean region in 
the west of Ecuador, some of which are a continuation of those 
in Colombia, According to Busehman one group of brines 
is in the valley of Patia and another on the plain of Mira in 
the vicinity of the volcano of Cotapaxi, while still another is 
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near Ibarra, northwest of Quito. There are also brines at the 
foot of the volcano of Chimborazo, which flow from beds of 
trachyte. Salt is obtained from them at the saline of Tomabela. 

The cities of Quito and Cuenca iise only sea salt, which is 
made in the mines of Qoayaquil. 

The importation of salt is contrary to law, except in the 
case of Peruvian salt coming over land boandaries. 

The production and sale of salt ia a State monopoly controlled 
by the Public Treasury. No statistics of production are fur- 
nished. 

Peru. 

Salt is obtained in large quantities in Peru by evaporating- 
sea or lagoon water or brine from saliferous earth in shallow 
pits called pozos. There are also salines where salt is made from 
brine springs. The Peruvian Andes contain vast deposits of 
rocfe salt, which are mined in many localities. 

In 1896, the Peruvian Government established a Commissiott 
to investigate the salines and salt mines of the country. 

SALINAS DE POZO ; OB WELL SALINES. 

According to the report*" of the Commission there are salines- 
extending from Tumbes, in llie extreme north on the Gulf of 
Guayaquil, to lea, about 200 miles south of Lima, thus includ- 
ing almost the entire maritime r^on. 

These salines are all called sdlinas de pozo. or well salines. 
The pits Eire usually arranged in rows and sometimes cover a 
large area. They vary in shape and size and in a single saline- 
there may be any number, from 6 to 400. The water ia led in 
from the sea or from lagoons by canala. Its evaporation is 
greatly favored by the almost entire absence of rain. Primitive- 
methods are used in harvesting and the salt is of very ordinary 
quality. 

The majority of the salms de pozo are sea salines, but inUnd 
at Chilea, about SO miles southeast of Lima, there is a largo- 
saline witii 300-400 wells where the brine is obtained from a 
salt lake. And far inland on the h^h plateau, near the cit^ 
of Cozoe, tiiere are t^ salines of San S^Murtian and of Maras^ 

M BaludlD Tecnlco d« las sallnoB del Pern. 
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on the Urabaml>a River. In these salines dariuff the simuner 
months water from salt streams near by is led into very shal- 
low pita and evaporated. In the San Sebastian saline there are 
900 pozos, and at Maras 4,500. The former prodaces only 113, 
and the latter 550 metric tons annaally." (One metric tons 
equals 2,205 pounds.) 
' SALT STEPPE SAUNES. 

The great saline of Huacho is about 100 miles north of the 
city of Lima. It is on a steppe, where salt encrustations are 
formed in shallow water. The salt is allowed to accumulate and 
is usually extracted only every fourth year. By this method 
500 pounds are obtained from every square yard. As in the 
Argentine, the salt is taken out in blocks, which are called panes. 
The Indians transport the salt by llamas, each animal carrying 
100 poands. The salinity of the plain appears to be derived 
from saliferous beds, and the composition of the salts is quite 
different form that of sea water. About 8,000 metric tons are 
produced annually at Huaeho. 

A somewhat similar but smaller saline is at Tiquillaco, not 
far from Lake Titicaca, near the city of Puno, where the brine 
is also evaporated in pits. 

BBINB8. 

In the province of Huanuco there are a number of brine 
springs, as those of Santa Barbara. Brines also are foimd in the 
■ province of Junin, near Yanacaehi. 

BOCK SAI/r. 

East of the town of Cerro de Pasco is a hill of salt which is 
called the Cerro de la Sal, and from it the Indians obtain salt. 

South of the town, on the west shore of the lake, near Junin, 
is the important rock salt mine of San Bias, where salt deposits 
occur in Jurassic and Cretaceous beds. The annual production 
}iere amounts to 2,070 metric tons. 

Sontii of Junin, in the province of Huancavelica, there are 
two large salt mines, Cachi and El Carmen, and a number that 
are less important. 

In the province of Ayacueho there are also salt mines, two of 
the largest being near the town of Ayfeeucho. The salt won in 

M Von BuBchman, vol. 1, «4-4B0. 
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these mines is of the finest Quality and is transported long dis- 
tances. 

There are also salt mines in the province of Apurimae, but 
the sialt is rather impare and is used chiefly for cattle. 

Still farther south, in the province of Areqnipa, there are a 
number of rock salt mines, for example that of Hnarhua, which 
Humboldt visited on his travels. There the immense mass of 
salt is mined in an open quarry and is cut into 60-pound blocks. 

Thus in general the rock salt mines of Peru lie in the south- 
western part of the country, extending from Junin to Arequipa. 
But there are also rock salt deposits in northern Peru at Moy- 
abamba and in the valley of the Rio Huallaga. These are how- 
ever, exploited only by the Indians, who call the outcrops 
Salinas. The Indians either carry the salt on their backs in • 
100-pound blocks for many days' journey through the wilder- 
ness, or float it dovm the river on rafts. This salt contains other 
minerals besides sodium chloride and the impurities are thought 
to be the cause of the skin diseases which are very prevalent 
among the Indians who consume it. 

IMPORTATION AND EXPORTATION. 

The importation and exportation of salt is controlled by the 
State. The Government has leased the right to export salt to 
the Compania Salinera and, according to their statistics, the 
total export in 1904 was 11,700 metric tons. 

The salt is sent chiefly to Colombia and Ecuador and lately 
in small quantities to Guatemala. 

In Lima, in 1903, salt in sacks was worth, at wholesale rates, 
about $2.00 per 100 pounds. 

The production in 1904 as estimated at 18,544 metric tons." 
Bolivia.^ 

The high plateau of Bolivia is very rich in salt, especially in 
tile southwestern part, where Uiere are many salt plains and sa- 
lines like those in the Argentine, lying chiefly in the beds of 
evaporated salt lakes. 
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Of the many salines some of the more important are those 
of Quetena and Licancaur, near the Chilean boundar?, and, 
. further north, the Pampa Salada and the Pampa de Empeza. 

The Pampa de Empeza contains very pure salt in a layer 
more than four yards thick. The salt covers the surface of a 
shallow lake and the water beneath can be seen only where the 
Indians have cut out the salt. Near the uppermost part the 
salt grades into a gray salt elay. 

The lar^ salt lake which is formed by the Rio Desaguadera, 
the outlet of Lake Titieaca, is about 150 miles west of Sucre. 
Only a single species of fish can live in this lake, OresUas Agas- 
siai, and the shores are covered with snowy encrustations of 
salt. 

Salt encrustations are harvested in the valley of Oruro and 
from the salines of Uyuni and Corocara by Indians, in cnhio 
blocks weighing about 10 pounds each. 

As enough domestic salt is produced, only small quantities^ 
of refined Ei^lish salt are imported by way of Para, Brazil. 

The tariff in 1901 was set at 25% of the value. 

No salt is exported from Bolivia. 
Brazil. 

In some of the Brazilian States salt is obtained in small 
quantities from brine spring and saliferous soils. Thus in the 
State of Ceara,** in the clays, there are salt licks which are 
much frequented by cattle, and some of the streams are salt^ 
especially in the valley of Aracaty-asau. 
SAI.IFEROUS son,s. 

In the west, in the State of Matta Groaso, at the sources of 
the Paraguay, and in the neighboring State of Goyas. salt is, 
obtained in considerable quantities apparently from saliferous 
soils. 

The most important recrion of saliferous soils is in the valley 
of the San Francisco, in the State of Bahia, where a saliferomi 
area estrnds along the river from its tributary, the Rio de 
Salitre, not far from the town of Joazeiro, for nearly two de- 
grees of longitude. Here, as Hartt says, one sees, especially- 

Si Hartt. Oeol. and Geogr. of Braztl, 1870, 471. 
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after Tains, white encrustation of salt coTeriu^ large ai-eas. 
These are frequently harvested, but more generally the salt ia 
obtained by digging large shallow pits along the river banks. 
During the rainy season the saline materials are washed into 
these pits from the surrounding soil and later, ffben the water 
has evaporated, the floor of the pita is covered with salt. Thia 
is scraped up and thrown into wooden trou^ and mixed with 
water. The earthy material is then allowed to settle and the 
brine is drawn off and recrystallized in the sun's heat. In 
1870, Allen saw, at Jacar6, a section of a large hollow tree serv- 
ing as the leaching tub and smaller hollow logs for the evapo- 
rating vessels. The salt is packed in cow-hide bags, each eon- 
tainit^ 30-40 pounds. The origin of the salt in the soil is un- 
known. Hartt was unable to find any beds of rock salt near 
the San Francisco, and none have since been discovered. It is, 
however, possible that such beds lie some distance beneath the 
surface and are the source of the salinity of the soil. 
S£A SALT. 

Nearly all the salt produced in Brazil is made by the evap- 
oration of sea water. This industry is carried on along the en- 
tire coast, bnt principally in the States of Maranhao, Ceara, 
Rio Grande do Norte, Alagoas, Sergipe, Bahis, and Rio de 
Janeiro. 

Salt is one of the chief products of Rio Grande do Norte, 
where the largest salines are at Mossoro and Assu. 

In the State of Bahia large quantities of sea salt are also 
made, especially on the Island of Itaparica, in the harbor of 
Bahia. 

PLANT SAiyr. 

As the transportation of salt far inland is costly and as only 
enough salt is made from saliferous soils to supply the people 
in the immediate vicinity of the deposits, there is a great scarcity 
of salt in the interior. So, as a substitute for salt, Karsten 
says the Indiana use cayenne pepper; and Von Steinen found 
Indians of the Nahuaqua and other tribes preparing plant salt 
from the ashes of Takoara and Aguape, which are plants that 
grow in stagnant water. The method is the same as that used 
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in Central Africa; that is, the ashes are mixed with water and 
the filtered solution is evaporated. 

IHPORTATIOH AND EXFCWTATION.** 

Salt is imported from European couDtries, Argentine, 
Uruguay, and small amounts from Belgium and the United 
States. 

As the salt is carried by steamers as ballast, the cost of 
transportation from Europe is not great. 

TAXATION AND PBICB. 

Salt entering Brazil is subjected to a very heavy tax. In 
1903 the tariff on coarse salt was about $8.00 per metric ton and 
that on the same quantity of refined salt was $31.40. Potas- 
aium aalta, however, enter duty free. (One metrie ton equals 
2,205 pounds. 

The price of salt varies in different parts of Brazil, accord- 
ing to the distance from the place of production or from the 
harbors. Up the Amazon, at Manaos, the price of refined 
English salt in 1903 was $40-$48, exclusive of a revenue tax of 
$31.40, per metrie ton. Refined salt is a luxury, costing in 
some places as much as 35 cents per pound.^ 
Paraguay.'^ 

There is only one saline in Paraguay, which is near Lambare. 
Salt has been won tihere in a primitive way for many years, 
but recently an artesian well 53 yards deep has been driven, 
which fumiahes water with a salinity of 10%. This, after 
evaporation, leaves a white crystalline salt, which is chiefiy 
used for cattle. In 1902 this saline produced 400 metrie tons. 

The greater part of the salt imported is sea salt from Spain. 
Umguay, 

No salt deposits have been found in Uruguay and there are 
no sea salines. 

All the salt consumed is, therefore, imported. The tariff on 
sea salt and rock salt is 6% of the value, and on refined salt 
31%. 

The sea salt is imported chiefly from Spain and the rock salt 

M Von Buachman, voi. 2, pp. 41T-IS0. 

"S Ibid. p. 42E. 

■1 IWd, pp. 478-471. 
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and some table salt from England and some table salt from. 
Germany. 

Argentina. 
On the high plateaus and on the low plains of the Ai^^tine- 
there are a great number of shallow lahes (salinas), salt manhea- 
(lagunas) and salt steppes. 

SAUNAS, OE SAUT LAKES. 

The Salinas extend from the northern boimdaiy of the Aj^ien- 
tine down into Patagonia to about 49' S. Lat. Darwin* foond 
that they occur in various formations — in the days and calca- 
reous beds of the Pampas, in the sandstones of the Sio Negro^ 
in which they are very abundant, and in the Patagonia Ter^ 
tiary formations. 

That the salinity is not in general derived from underlying- 
beds of salt rock is shown by the fact that fresh water has fre- 
quently been found by borings in the beds of the salinas and 
near the marrrins. The presence of rock salt in the mountains 
is indicated l^y brine springs, from which salt is made in smaU 
quantities. 

On the plains in the drj' season many localities become cov- 
ered with an efflorescence of salt. These salt steps are called 
salitrales (saltpeter fields), although they contain very little- 
saltpeter, but chiefly Glauber salts and 16% of sodium chloride. 
The saltrales serve only as licks for cattle. 

In the northwestern part of the country, on the plateau of 
Atacama,** which extends over four provinces of the Ai^ntine 
Republic and continues northward into Bolivia, there are a 
great number of salt lakes and marshes and salt steppes, some 
of which are covered with layers of salt two feet thick. Amon^ 
this group of salinas are those not far from the cities of .Tujuy, 
Saltum and Tucuman. 

Salinas de Cordoba. — The latfjest of all the saline depressions- 
of the Argentine is the salinas de Cordoba, which lies between 
the citifs of Cordoba and Santiago del Estero. It extends from 
28°-32° S. Lat., covering an area of some 200 by 140 miles. 

Tile appearance of this great salt plain varies with the seasons^ 
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Ab with all the salituig, in the dry period &e water disappears, 
leaving the floor covered with encrustations of salt. This con- 
sists chiefly of sodium chloride, but contains also magnesium 
sulphate and gypsum. In general the gypsum is deposited 
near the margins and the salt toward the center of the basin. 

Mr. French, who traveled across this region, describes it as 
a wide plain, level and smooth as a floor, and snow-white with 
superflcial salt.*** 

Sail Bias. — On the lowlands there are a great many salinas 
and salitrales, extending from the Parana to the Gulf of San 
Matiaa. The most productive are those not far from the coast, 
near Bahia Blanea and San Bias, in the southern part of the 
province of Buenos Ayres. 

The water from the salt lake near San Bias is pumped through 
east-iroD pipes 26 miles to the town, where it is evaporated. 
Borings made in the bed of this lake show the presence of rock 
salt from which the brines flow that feed the lake. The syndi- 
cate which controls this industry produces annually some 25.000 
metric tons,"' (One metric ton equals 2,205 pounds.) 

Methods of Extracting Salt- — ^Where the salt forms a com- 
pact mass it is cut in large rectangular blocks called panes, 
from their resemblance to loaves of bread. Where the deposit 
is loose it is packed in raw-hide bags. The salt is often trans- 
ported to great distances, for which various pack animals are 
used, chiefly mnles, donkeys, oxen and I'amas, Two or three- 
panes make a load, depending on the strength of the anim-vl. 

Although the salt of some localities is fairly pure, in general 
the salt of the Argentine is not good for cookin? purposes, as 
it is difBoult to dissolve; so it is used largely for s-alfing hides. 
But in Cordoba salt is refined at Quilino and San Jose and the 
product, which is 99.62% sodimn chloride, is as irood as refined 
English salt. 

PRODUCTION. 

The salt production of the Argentine was estimated in 1901 
88 25,401 metric tons, but this apparently does not include that 
produced in the less important salines. 
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IMPORTATION AND EXFOBTATION. 

Table aalt is imported from England and Qermany and eoarae 
salt from England and especially from Spain. The ananal 
importation from Spain is about 91,000 metric tons. 

Salt is exported from the Ai^entine chiefly to Paraguay and 
Uruguay. In 1902 the total amount exported was 135,685 
Chile. 

There are rich deposits of salt in northern Chile, but none 
have been found in the southern part of the country. Sea salt is 
made along the northern coast 

ROCK SAivr. 

In the extreme north there are three salt mines south of 
Tacna, near Arica, where a rich bed of rock salt is exploited. 
The salt is taken out in blocks, sent by rail to the port of Arica 
and shipped on small sailing vessels chiefly to Vladivia, in south 
central Chile. In 1902 the output of these three mines was 
Jj,541 metric tons. 

South of Taena, between Tarapaea and Iquique, a bed of 
rock salt of unknown thickness extends over an area of many 
square miles. This is exploited in the mines of Punta de Lobos. 
The salt is taken out in blocks, some of which are ground for 
cooking purposes and the rest are sold for the use of cattle in 
southern Chile. In 1903, 10,240 metric tons were produced by 
this mine. 

In the province of Tarapaea there are salt plains, as the 
Parapa Blanca and the Salar Grande, but they are not used. 

Saltpeter Deposits. — The great saltpeter deposits of northern 
Chile, in the provinces of Tarapaea and Antofagasta, also con- 
tain salt. The salt is found in the salt steppes, into which the 
saltpeter areas merge, and in layers bedded with the saltpeter. 
Sometimes the proportion of sodium chloride reaches 50%, and 
at Aguas Blanca there are beds several feet thick of pure crys- 
talline rock salt in the nitrates. But the cost of separating it 
from the other substances is so great that, as a rule, it is not 
attempted. At Antofagasta, however, a fairly good salt is pro- 
duced in this way. Lately some potassium salts have been 
found in the province of Tarapaea. 

'OS Board of Trade Journ., No. 338. March, 1903. 
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The deposits of nitrates and salt are called cdliehe. They 
lie in the dry basins of ancient salt lakes which have long since 
evaporated.^ 

IMPORTATIOK.^ 

The extraction of the eaUche is carried on under the direction 
of foreign engineers, most of whom are English. Some 30,000 
people are employed in the industry. The raw materials are 
reduced to nitrates destined for the manufacture of gunpowder 
and for the preparation of artificial manures, and borax and 
some salt are also produced. 

The tariff on ordinary salt was set, in 1902, at 45 cents per 
ewt. ; on refined salt at $1.80 per cwt. Potassium salts enter 
free. 

Salt is imported in small quantities chiefly from England and 
Spain and also from Germany, France, the Argentine, and the 
Unitpd States. No salt is exported. 



CHAPTBR 111. 

SALT IN THE EASTERN HEMISPHERE. 

Europe. 
British Isles. 

GENERAL BEUABES. 

Salt is obtained in the British Isles from natural brines and 
from rock salt deposits. The brines are apparently the direct 
product of the leaching of the rock salt beds. In former tim^ 
salt was made from sea water on the coast of Cornwall and 
near the mouth of the River Tees, in Durham County. 

Natural brine is used for making salt in Chester and Wor- 
cester, and brine artificially made from rock salt is used in the 
Tees field in South Durham and Yorkshire and in Antrim 
County, Ireland. 

Rock salt is mined in Lancaster, Chester and Antrim. 

All the rock salt deposits of the British Isles occur in the 
Keuper marls of the Upper Triaasic. 

In 1905 the United Kingdom produced 2,116,699 short tons. 
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Tolued at $2,707,622.^ It ranks aecond ia production to thc- 
Uoited 8-ta.tea. 

THE CHESHIRE HALT TERBTTORT. 

The Cheshire salt territory lies in the valley of the "Weaver 
and its tributaries, the Dane and the Wheelock. 

The output ia obtained principally from rock salt, or the 
brine derived directly from it. 

Geological Occurrence.*-' — The Keuper marls of Cheahire- 
lie in an elongated basin with an axis running nearly north and 
south. The rock salt occurs in isolated patches within the marls. 

Winsford and Northwich are the principal salt localities. It 
has also been found and worked near Lawton. 

In the Northwich and Winsford districts the salt occurs in- 
two principal beds which fire rather impure. The upper ia 
from 120 to 210 feet below the surface and the lower from 240 
to 300. 

The lower is about 105 feet thick at Northwich and slightly 
more at Winsford. A fairly pure zone of salt 15 feet thitik 
occurs from 60 to 75 feet below its upper surface, and is overlain 
by a bed of red and blue marl from 26 to 30 feet thick containing 
veins of rock salt. Above this comes the upper bed. 

At Northwich the upper bed is from 120 to 180 feet below 
the surface, 48 to 140 feet below tide level and averages 75 feet 
in thickness. Its upper surface is very irr^ular in this district, 
sloping from Klarston near Northwich rapidly to the west and 
southwest and being furrowrd by erosion channels of Triasaic 

1 Mia Res. Dt the United Statea lor 1906. 

» "On the Manufacture of Salt In Choshlre," by Tbos. Ward. Lit- 
erary and Philosophic Society of Manchester, 3d aeries, vol. vlit, 18M 
(read In 1S81>. pp. 9-25. 

J "The Rock Salt Deposits of Northwich, Cheshire, and the Be- 
■ulta of Tbelr Etzploltatlon," by Thoa. Ward. Manchester Qeological 
Soc. Trans., vol. xxv, 1896-98, pp. 374-306, with' two maps and a sec- 
tion. 

i "Land Subsidences In Clieahlre," by Thoa. Ward, Liverpool Oeol 
Aaan., Trans,, vol. Iv, 1883-84, pp. 37-46. 

» "Outline of the Principal Geological Features of Cheshire and-. 
the Adjoining Districts," by G W. Ormerod, Quarterly Journal of tlie> 
OvoloslcBl Bocletj', vol. Iv, 1S4S. pp. S62-Sg8, with map and aectlons. 

8 "A Sketch o( the Natural History of the Cheshire Rock Salt. 
Dlatrlct." by H. Holland, Transactions of the Qeologlcal Society, vol. I . 
1811, pp. 88-61. 
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and recent origin. At Winsford this salt bed is somewhat thicker 
and more thao 180 feet from the surface. It is rather impure 
and contains a lai^e proportion of marl. 

Above the salt are 90 to 200 feet of marl, in which eypsnro 
-occurs locally, and the marl is overlain by glacial drift. 

A section of a boring at Marston is given below: 

Thlcknesfl. Total Deptb. 

Formatton. Feet Peet 

1. Soil and drift 82.0 83.0 

2. K«uper marls B2.0 81.0 

3. FIrat bed of rock salt 90.50 314.50 

4. Indurated mars with salt velna 87,92 242.41 

E Second bed of rock salt 91.75 384.17 

«. Hard red and blue marl with salt BO. 68 3114. IS 

7. Rock salt 5.17 870 

8. Hard red and blue marl with salt S.IT 378.17 

0. Rock salt 12.50 890. «7 

10. Hard red and blue marl with eatt 23.50 414.17 

11. Triasalc (sandstones, etc.) down to 8,610 

The following section published in 1848 shows the occurrence 
of salt in the Lawton district : 



Formation. 

Soil and gypseooH 

Salt 

Indurated clay . . . 

Sail 

Indurated clay 



The upper bed of salt is here about 290 feet above sea level. 

Methods of Working.^' «- "—Salt is Madrf in Cheshire by 
the evaporation of brine; it is also mined directly as rock salt. 

A large amount of water leaches through faults and fissures 
in the marl above the, first salt bed and forms a strong brine 
on its upper surface. Befoi« the dlscoviiry of rock salt the 
brine was taken from 8print;s and wells in the marls. Since 
then it has been worked by cylindrie shafts, sometimes 10 
feet in diameter, driven down to the surface of the bed. In 
some of these shafts the brine formtjrly rose as much as 150 

■ 1 See Footnote No. !, pag* 132. 
■,,,!> See. Footnote No. 8, page 133. ' , .. 

9 Enfftnecrlng, Sept. 2S, ISM, p. 190. 
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feet above the salt. Later, however, the enormous amount of 
brine consumed in the district, 4,000,000 gallons per day in 1881, 
lowered its level very considerably. 

It now stands below the upper level of the rock salt. No 
brine penetrates to the lower bed of salt, but some of the aban- 
doned mints in this formation have been used as brine reser- 
voirs, a few of them holding over 50,000 gallons. 

Evaporation is carried on in open pans set over brick flues 
with a furnace at the front end and chimney at the other. In 
this way the products of combustion pass directly under the 
pans. 

The upper bed of salt was discovered in 1670, but mining 
did not begin in earnest until about 1730. 

In working the upper mines a shaft was usually sunk for 
some distance down into the clay, a tunnel was then driven 
sideways and another shaft called the "sump" sunk into the 
salt. From the bottom of the "sump" the salt was worked 
out in annular chambers; pillars about 15 feet square were 
left on the circumference, one row of pillars being opposite 
the openings in the following row. Sometimes radiating gal- 
leries were worked out from the bottom of the shaft with walls 
of salt between. The chambers were 35 feet high in some mines. 
The salt was hankd by windlasses and horsepower. 

A mine in the lower bed, of which a description was pub- 
lished in 1884, had chambers 23 feet wide by 26 feet high. 
(Most of the lower mines have the chambers 18 feet high.) 
This shaft was sunk directly to the second bed of salt; the salt 
was worked by compressed air cutting machines; the hauling 
was done by ponies over tramways and the salt was crushed 
at the head of the shaft. 

Most of the upper mines did not last long. Inrushes of 
brine and the collapsing of the roof, due to weak pillars, were 
the chief causes of their abandonment. At present there is 
but one such mine in existence. Since 1781 most of the mining 
has been in the lower bed. 

Subsidences.— The collapsing of the mines and the lai^ quan- 
tities of brine pumped in the district has brought about 
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exteDsive subsidences of land througli the Chesire territory. 

The sinking of the surface forms large depressions which 
fill with water and are locally known as flashes. One of these 
flashes near Northwieh is 100 acres in area and about 45 feet 
deep. 

In the Northwieh and Winsford district about 2,800 acres 
of land had subsided in 18S1 with a direct damage to property 
of $2,304,000. Buildings in the town of Northwieh have suf- 
fered moat severely from this cause. 

These subsidences occur in almost all the English salt districts, 
including the Tees, where the salt is from 900 to 1,700 feet 
from the surface. 

History and Production.^' "• " — Salt has been produced in 
Cheshire since the occupation of the country by the Romans. It 
was formerly made from brine springs and in the Doomesday 
Book, which was compiled in 1086 in the reign of William the 
Conquerer, there is a record of salt works at Nantwieh, Middle- 
wich and Northwieh. 

The opening of the East Indian market to English salt and 
the development of alkali works later on were frreat factors 
in increasing the output of Cheshire salt. 

Between 28,000 and 57,080 barrels" of evapoated salt were 
produced in Staffordshire yearly from 1882 to 1892. Since 
1893 the statistics of its annual output have been included with 
those of Cheshire. 

Shirleywieh and Weston on Trent are mentioned by authors 
as the localities from which this salt is derived. 

LANCASTER.^* 

At a point one and a half miles southeast of Fleetwood rock 
Bait was discovered by a boring in 1880, and it has also been 
found at Barrow. Areas underlain by salt are indicated by 

I" See Footnote No, 2, page 1»2. 

11 See Footnote No. 3, page 132. 

a Great Britain Mlu. atat., ISSS-lSOt. 

ts 1 ton equals 2,240 pounilB, 1 barrel equals S80 pounds. 

H Manchester Geol. Survey, vol. 16, p. SB. 
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surface subsidences at Birkdale near Southport, at Southshore 
near Blackpool and northward near Ulveretoo. 

History and Outpwi .**''*— In the seventeenth centiiry salt is 
said to have been made by the lisivation of blown sand along 
pounds. 

the part of the coast lying between the mouths of the Mersey 
and the Ribble. 

Both brine salt and roek salt are now produced in this 
country. 

The present industry began in 1890 with 63,016 barrels of salt. 
In 1905 2,182,872 barrels were produced. 

THE TEES. 

This salt area is situated on both sides of the estuary of the 
Tees River in Durham County. {See Plate XLIII.) 

The source of production is a bed of rook salt underlying 
the field at depths of from 900 to ahnost 1,700 feet 

Occurrence."' ^ '^ — The salt bed varies from 65 to about 120 
feet in thickness, the thinning out being in some cases as much 
as one foot in sixteen. 

The occurrence of the bed of salt is perhaps most clearly 
shown in the section of a boring put down at Saltholme in 1874. 
Prom the sections and the accompanying map it will be seen 
that the salt lies about 460 feet deeper in the Greatham boring 
than at Ormesby, four miles south, and still deeper at the Eston 
hole about two and a half miles east-northeast of Ormesby. A 
careful study of the twenty or more bore holes put down 
indicates a dip of from 2° to 3° to the southeast, north of the 
Tees. This increases to about 5° near the Tees and SaXteaa 
out to about 3° south of the river. 

11 Qreat Britain Mineral Statistics tor the years ISgE to 19i>5. 

IS 1 ton la Intended to be oaual to 2,240 pounds or S bnrrela of ISO 

n "On the Durham Salt DlBtrlct," by E. Wilson, Geol. Jour., vol, 
44, 1SS8, pp. 761-783. with map and aectlons. A full alscUBslon of the 
history of the fleld and occurrence of salt. 

IB "Recent Borlng-s for Salt and Coal tn the Tees District," by 
T. Tate> Geol. Jour., vol. 4S, p. 488. 

19 "The Mlddleborough Salt Worka and the Recent Boring on the 
Laclcenby Foreshore Estate," by Thos. Bell, Maach. Oeol. Soc, Vol. SB, 
1S88-90, pp. 555-561: also Manch. Oeol. Soc. vol. 25, 1S96-8, pp. 69-gS. 
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The salt is known to extend from Qreatham, four miles south, 
"to Onnesby, and from Haverton Hill eastward to a boring 6,000 
feet northeast of the Easton Well. It has been found in all 
wells between these points ; that is, in an area of over 12 square 
miles. Salt has also been found well developed at two points 
-one mile apart south of the Tees and this is an indication of its 
further estenaion in that direction. The southerly dip, however, 
■and the higher country to the south bring the beds too far 
below the surface for any practical working. No salt has been 
found west of Haverton Hill or north of Greatham. 

Age of Deposit, — There has been much difference of opinion 
as to the age of the salt and associated beds. Wilson,*" in the 
most detailed description of the district we have been able to 
find, gives and discusses these theories in full, and concludes 
that the whole series passed through in the boring belongs to 
the Upper Keuper of the Triassic. 

The chemical composition" of a sample of salt from the 
Durham field is as follows: 

Sodium chloride 98.42 

Calcium sulphate 21 

Magnesium chloride.. 12 

WatOT 10 

Earthy impurities 1.15 

99.98 

Methods of Working.*^' " — So far, all the salt has been worked 
by double tube wells and the artificial brine process described 
before in connection with salt works in the United States. 

M "On the Durham Salt EMsttlct," by B. Wlllaon, OeoL Jour., vol. 44. 
1888, pp. 781-78E, with map and BecUone. 

>i "Salzbergbau und Salienbunde," F. A. Furer, BraunchwelK, 1900, 
p. 2T1. 

M "On the Manufacture of Sail," by Lowthlan Bell, Proc. Iiwt 
Civil Eng.. vol. 9. 18S6'T, with dlafrram^ 

U "Mlddleaborough Salt DepoeltB," Eng:. vol. 36, 18SS.' pp. 341-t, 
with dlasrains. Detailed account of the manufacture and nses of aalt. 
with dlograiiM oj welL . ' 
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The brine is evaporated by the open pan process and moulded 
into hard blocks, which are ground up and screened for table 
salt. 

History. — In 1862, when boring a well for water to supply 
the iron works at MiddleborouKh, a bed of rock salt 100 feet 
thick was discovered 1,206 feet from the surface. An attempt 
■ to sink a shaft to this deposit failed on account of the influx 
of water. 

In 1874 a trial boring was put down by Messrs. Bell, who 
found salt at a depth of 1,127 feet. Lat^r on two more wells 
were sunk and worked by the artificial brine method which whs 
then introduced into England for the first time, having been 
used before at Nancy, in France. 

Production.** — In 1905 1,501,560 barrels were produced. Each 
square mile of the field is estimated fo contain about 100,000,000 
tons of salt. 

WOHOBSTEB."' " 

Occurrence. — Salt is made in the WorceHtershire field entirely 
by the evaporation of brines. These brines come from a horizon 
of Keuper marls, which are red, friable and regularly stratified, 
containing bands of gypsum Eind of sandstone. The marls lie 
in a trough of Lower Keuper sandstone which dips to the south 
and is bounded by faults on the east and west. They are under- 
lain by Permian beds. 

The area underneath which brine exists in paying quantities 
is about six miles long by 300 yards wide. It extends from 
Stoke, four and a half miles southwest, through Droitwich, to a 
point west of that town. 

At Droitwich the brine occurs in what is apparently a cavity 
in the marls at a depth of from 200 to 210 feet from the surface. 
Parkinson, who described this cavity in 1884, estimated it as 
half a mile long by 200 yards wide. 

ti "The Tees Salt Industry,'' Trans. Fed. Inst, of Mln. Bn«.. VOU 
S,. 1191-62, p. 632. Also Mineral Sttitlatlca of Great Britain, lSSI-1905. 

ts -The Droitwich Brine Sprlnga and Sallfarous Marls," by C. 
Pnrklnson, Quarterly Jonr. Geol. Society, vol, 40, 1884, -pp. Iffl^lB*. 

M "The History of Salt," by C. M. Boddy, London, 1!81, p. 1). 
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Two hundred and twenty feet is probably the bottom of tho 
cavity. 

According to Boddy*^ a shaft at this place, sunk to a depth 
of nearly 500 feet, passed through four layers of salt, aggro- 
gating 85 feet in thickness. At Stoke the brine occura at a 
depth of 800 feet from the surface. 

Several bands of excellent rock salt are found in beds of red 
and gray marl and gypsum, which are at least 800 feet thick. 
The rock salt occurs within a bed 25 feet thick, of softer marls 
and sandstones, almost 800 feet from the surface. 

Method of Worki'ng. — Rock salt was mined for a time at Stoke 
at a depth of 800 feet, but the mine was abandoned because of 
an inrush of brine. 

lu 1855 brine still came to the surface in some of the pits, - 
but now it is pumped from a depth of 210 to 220 feet at Droit- 
wich and 800 to 1,000 feet at Stoke. 

History and Preductifm.*^ — The Romans made salt in Worces- 
tershire and partlj- paid their soldiers with it. This was the 
origin of the word salary from the Latin solaria (sol-salt). Salt 
furnaces are mentioned in this region in the early records as 
far back as the year 816. In 1725 the strong brine springs below 
the gypsum bands were discovered, and in 1884 one spring is 
said to have produced 8,000 barrels of salt per week. In 1905 
1,347,888 barrels were produced. 

ANTRIM.**' " 

In the county of Antrim, Ireland, rock salt is mined, biit 
part of the product is dissolved at the surface and evaporated. 
The salt is exploited along a belt two miles long, paralM to the 
shore, north of Carrickfergus, which is ten miles northenst of 
Belfast. The field consists of three small basins: the Buncme, 
Burleigh and Eden. Salt also occurs at Lame, a few miles 
further north. 

n ibfd, p.SS. 

« Great Britain Mineral Statlatlca, ISSe to 1905. 

M Kelly. Proc. Boyal Irish Academy, IMS-CS, pp. HS-!«4. 

■w Mlscampbell, Trans. Fed. Inat. Mln. Eng., vol. 7, pp. 6*6-662. 



.coy Google 



140 La. Geological Subvby, Bulletin 7 — ^Report op 1907. 



The salt, like that of England, ia of Keuper age and oecnn 
in several fairly thick beds interatratified with red and blae 
marls, clay and local bands of gypsum. 

A bed as found at a depth of 603 feet two miles northwest 
of Carrickfergus, and at a depth of 550 feet two miles directly 
north of the town. The shaft of the first sueeessful mine was 
put down 360 yards southwest of the latter locality and the 
following strata were passed through : 

Total 

Thickness, depth. 

Feet. Feet. 

1. Drift 50 50 

2. Marl with gypsum 416 466 

3. Roek salt 11 477 

4. Marl and rock salt 5 482 

5. Rock salt 74 556 

6. Marl and rock salt 5 561 

7. Rock salt 37 599 

The following is an analysis of a sample of the rock salt : 

Moisture 2.48 

Magrnesium chloride .03 

Potassium chlorid 15 

Sodium chloride 96.17 

Oxide of aluminum 35 

Silica m 

100.00 
Method of Working. — Mining ia done by shafts and tunnels, 
as in Cheshire. The salt is worked by rock-cutting machines. 
Some of the mines have been abandoned on account of the crush- 
ing of pillars. At the surface of the mine are melting cisterns, 
in which part of the rock salt is reduced to brine. The brine is 
conveyed by iron pipes to Carrickfergus and there evaporated. 

History and Production. — The first discovery of salt in Antrim 
county was made in 1839 at Larne, ten miles north of Carrick- 
fergus, while boring for coal. Later, in 1845, salt was found near 
Carrickfergus. 

In the Mineral Statistics for Great Britain and Ireland sev- 
eral localities are quoted as having salt works where evaporated 
salt is made from a brine formed by dissolving roek salt in sea 
water, ...'"'. 
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The recorcb of the Irish outpot show a marked fluctuation 
in the production of salt from year to year; but the average 
from 1893 to 1902 was 351,448 barrels. In 1905, 390,920 barrels 
were produced. 

ISLE OF MAN.^^ 

The northern part of the plateau of the Isle of Man ia a pla- 
teau covered with glacial drift and underlain by northward dip- 
ping strata. Triassic marls with several beds of reck salt werfr 
found in two bore holes, one at Point of Ayr?, in the extreme- 
north of the island, the other 400 yards to the southeast. 
Germany. 

Before the discovery of rock salt in Germany the brine springs- 
were of t;reat value. Salt as made from many of these even in. 
very ancient times; and Tacitus tells of furious wars between 
the Germanic tribes for the possession of these springs, which- 
were held as sacred. Brines flow in Germany from horizons 
ranging from the Devonian to the Cretaceous. 

Among the most productive" were those of Staasfurt, east or 
the Harz Mountains, which were noted even in the seventeenth 
and early in the eighteenth centuries. These ceased to be prof- 
itable after' the discovery of rock salt and were abandoned in 
1860,^ but in many other localities brines are still used. The- 
German salines are shown on Plate XLV. 

THE DISCOVEKY OF ROCK SALT AND POTASSIUM SALTS. 

In 1837 the Prussian Erovernment began a series of expeii- ' 
mental borings for richer brines or rock salt, as the 22 salinea- 
then in operation were unable to supply the market. And the 
first discovery of rock salt was made during that year in Thu- 
ringia, at Artern.^ 

Two years later a boring was begun at Stassfurt, whieli was. 
continued interruptedly, and in 1843 the upper beds of the salt 
deposit were reached at a depth of 816 feet. But the salt, instead" 
of being pure sodium chloride, as had been hoped, was found to 

« Boyd Dawklna, Geol. Journal, vol, 68, pp. 648-661, with map an* 

» For further description ot the brines see Meyer, Z«ltschr, fur- 
prakt, Geol.. May, 1894, p, 212, and Furer, Salabergbau. p. S4. 
SS Precht, Salz Industrie von Staasfurt, 1885, p. 3. 
» Berg und Huttenmannlsche Zeltung, vol, 61, p. 1902. 
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coDtaio a high percentage of chJorides of potassium and magoe- 
Bium. The great value of the deposit was not realized, aod it 
was abandoned as worthless. 

Later, in the Duchy of Anhalt, near Stassfurt, a horing was 
made which entered a bed uf ver; pure rock salt beneath the 
potassium salts.*^ Encouraged by this the government reopened 
the Stassfurt boring in 1851 and on sinking it deeper reached 
purer salt. The first shaft, 'Von der Ileydt," was completed 
that year and the mining of the rock salt was begun. In 1856 
a very pure bed of salt was entered at 1,066 feet. Meanwhile 
the really valuable potassium salts were removed to obtain the 
rock salt beneath and were called the Abrautn or stripping aatts, 
a name they have retained to the present time. Finally the piles 
of these rejected salts so surrounded the mine as to make it 
difficult to extract the salt. The mine was also on the verge of 
failure because thp production of rock salt exceeded the demand. 
Then the superintendent, Krug von Xidda, thought of the possi- 
bility of utilizing the waste salts and, in 1861, the first factory 
for the manufacture of potassium chloride was started at Stass- 
furt. The remarkable growth of the industry is shown by the 
fact that twelve years later there were 32 factories in operation. 

Efforts were made to find potassium salts east and northwest 
of Stassfurt and a number of succ<ssful shafts were sunk as at 
Loderburg and Westeregeln. "West of Stassfurt potassium salts 
were first found in Brunswick at Thiede, in 1872. 

In 1894, borings for these salts were carried on in Brunswick 
by the go\ernment for two years. A row of hore holes was 
made along the southern slopes of the Asse and Heeseberg 
ridges. Rock salt was found at depths of 872-l,.'>44 feet. The 
first salt bed was 656-820 feet thick; potiissiiim salts followed 
this with a maximum thickness of 239 feet, and beneath these 
usually a second rock salt bed was found, estimated to he about 
328 feet thick. The northern slopes of the hills were found to 
t a depth of 1.963 feet and continued through 
i then not penetrated. The potassium salts 

L© Se], 1900, p. 117. 

Dss, ZutschrUt fur prakt. aeol., p. 111. March, 18BG. 

n.. ZeltuDK, vol. E6. 
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were eatimated to lie at a depth of some 2,952 feet. The borings 
were then discontinued beeause of the great expense involved. 

DISTRIBUTION OP POTASSIUM SALTS. 

The potassium salts extend over a very limited area. They 
are found from Stasafurt south as far as the Wipper River east 
and north through Madgeburg, Plechtingen and Eichendorf , and 
west to Thiede, in Brunswick.** 

DISTRIBUTION OF ROCK SALT. 

In contrast with the limited extent of the potassium salts, the 
rock salt deposits of Germany extend over wide areas and are of 
vast thickness. Their dMribution has been traced by borings. 
(See Plate XLV.) 

On the northern plains of the Permian (Upper Zeckatein) 
rock salt extends north from the Harz Mountains throngh Sax- 
ony, Altmark, Mecklenburg and Holstein; east throi^h Magde- 
burg, Brandenburg and Posen almost to the Russian boundary 
at Inowrazlaw; and west through Brunswick and southern 
Hanover to the Weser. Stassfurt is the mining center of this 
entire region. 

In northwestern Qermany there are also salt deposits in the 
Keuper, but they appear to be very- local and are of no economic 
value." 

In Thuringia there is a deposit of Middle Triaasie (Mnsehel- 
kalk) salt which is mined only at Erfurt and Sonderhausen, 
but it has been found by borings at other places,^' Artern, 
Stotterheim and Bleiehrode on the southwestern slopes of the 
Thuringian forest. 

In southern Germany the most important salt deposits are in 
Wiirttemberg along the Neekar and Koeher rivers. These are 
also Middle Triassic like those of Erfurt. The salt is mined at 
Preidriehshall, Wilhelmsgliick and Heilbronn, and brines fur- 
nish material for a number of salines. Further south the salt 
has been found in Hohenzollem at Stettin and the brine springs 
of Baden flow from it. These are worked as salines near Diir- 
rheim. The southern limit is near Basel and Reinhansen, where 
the rock salt is the source of the Swiss Rhine Valley salines. 
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DBEP BOBINGS. 

An idea of the thickness of the PermiaD salt deposits of norths 
em Germany can be formed from the results of deep borings. 
To the cast at Inowrazlaw^* near the boundary of Bussia, tht 
salt which lay at a depth of 420 feet was found to continue- 
through 600 feet, when the boring was discontinued without 
reaching the base. And to tlie north, in Mecklenburg-Schwerin, 
at the village of Probst-Jesae, a well was sunk 3^60 feet and 
thronubniit tlu' lower 3.000 feet rock salt was passed through, 
biU tile bed was not penetrated.*^ 

Up to January, 1900, 76 borings for salt had been made be- 
tween 4,'J31 and 2,273 feet. Of these, 22 were 3,280-4,231 feet; 
40, 2,624-3,2g0; and 14, 2,273-2,594 feet.« So many have been 
made between 1,640 and 2,296 feet that it would be difficult to- 
record them. 

The most interesting deep boring is that at Sperenberg, soutb- 
of Berlin, where the following section was made -.^ 

Feet. 

Dctritjil mntcrial 2.06 

Bluish-a^ray gypsum 279.48 

Nearly white anhydrite with gypsum 5.14 

Pure anhydrite 1.96 

Anhydrite with rock salt 2.62 

Pnrc. tnmsparpnt rock salt 3,879.06" 

Total depth 4.17032 

Thus 3.fi79fee1: of salt were penetrated without reaching the 
base of the deposit. 

An estimate was made at Sprrenbcrg of the rate of increase 
of the earth's internal heat.*' The temperature at the bottoiu 
of the horc hole was 48,1° Centigrade, The annual minimum 
teniperaturn of Sperenberg — as found in springs — is 9.75" 
Centi.irradp. The total innrease is 38.35". .\t a depth of 
abonf 72 feet the constant temperature is reached, A column 

¥> Schubert, Nutzbaren Lag-erstatten von Inourazlaw, Zeltachrlft,. 
BerK-Hutt. und Sallnenkunweseen, vol. 21. 

t' Ens, and Mining Journal, April 12, 1884. 
W Zeltschr. tur prakt. GeolORie, 1900, p. 29, 
« Turer, Salibergbau, 1900, p. ZOB, 
W Eng. ana Mining Journal, May 5, 1904, 
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of 4,100 feet divided by 38.35° gives an average increase of 
1" Centigrade per 106.64 feet, or 1° Fahreaheit for every 59.2 
feet. 

This rate of increase may be compared with that of the Pam- 
ischowitz bore hole,** in Silesia, 6,573 feet deep, where the in- 
crease of temperature was 1" Parenheit for every 62.1 feet. 

THE SALT DEPOSITS OP STASSFURT. 

As the mines of Stasafurt are both potassittm salts and rock 
salt they aiford the best section of the great Permian salt formsi- 
tion. 

A cross-section of the Stassfurt salt deposit** extending from 
the shaft of the Ludwig II mine west-southwest to that of the 
Von der Heydt mine, an actual distance of about a mile, is given 
on Plate XLVI. The following description of the succession and 
character of the salt beds in the Ludwig II. mine can be taken 
as typical of the entire region. 

The Lower Rock Salt Bed. — Only the upper part of this bed 
is shown in the figured section. This vast deposit of rock salt 
rests on a Hoor of gypsum and has a thickness varying in dif- 
ferent loealiti^ from 500 to 3,000 feet. The main body of the 
salt is separated into layers by i an inch anhydrite bands, the 
proportion of anhydrite being about 8%. This alternate depo- 
sition of magnesium sulphate and sodium chloride evidently 
indicates a periodic dilution and reconcentration of the ancient 
salt sea. The anhydrite bands are called Jahresringe, as their 
deposition was probably seasonal, taking place every winter, 
while the rock salt was precipitated in the summer. The depth 
of the salt being 2,952 feet, it has been estimated that 9,900 years 
were required for the deposition of the lower salt bed. 

The rock salt is usually colorless in mass and white after 
pulverization, but when impure it is brown, red or j'ellow, and 
very rarely blue, as in the hanging wall of the mine at Anhalt, 
whi;re it occurs as blue, foliated crystals. The blue color is 
thought to be due to the presence of carbon.*^ 

iS Prom Precht, Die Salz Industrte von Stassfurt und Utngegena. 
1885, plftt«. 

Ifi Fuctis and De Launay, Tralte des Oit«B Ulneraui, pp. 434-437. 
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The salt at Stasafurt is generally in compact, crystaUin" 
masses, with cleavage in three directions. On a large scale it 
does not show stratification. There is also a fibrous variety, 
found at Douglashall, northwest of Stassfurt along fanit planes, 
the fibres being perpendicular to the fault, and a granular 
variety which forms thin white or yellow bands. The yellow 
color is due to iron chloride, which is present in the proportion 
of 3.75 per cent. 

The only fossils found in the salt are microscopic plants 
thought to be mosses. 

The salt contains liquid and gaseous inclusions which can 
■often be seen as bubbles in the mass. Gaa also fills the fissures 
in the salt. At the Douglashall mine in 1875 the gas caught 
fire and burned with a flame 5 feet high, the fire lasting from 
April to June. This gas was analyzed and found to consist 
of the hydrocarbons (methane, etc.), 85 parts; carbon dioxide, 3 
parts ; and air, 12 parts. 

Although the salt in the lower beds is very pure it is of little 
value because of the difficulty of separating out the anhydrite. 
These bands of anhydrite are composed of small crystals of 
anhydrous calcium sulphate cemented by rock salt. The 
anhydrite is often bituminous and of a greyish color. In 1865 
Beiehardt found sulphur grains adhering to the anhydrite. The 
upper surface of the anhydrite is smooth, the lower, rough and 
uneven. 

Toward the latter stages of the precipitation of this bed of 
roek salt the saturation point of some of the potassium- 
magnesium salts was reached and the anhydrite bands were 
replaced by polyhalite, forming the polyhalite bed, which is 
about 100 feet thick. 

As the roek salt grades into the polyhalite horizon, it requires 
a bitter flavor and becomes less crystalline, transparent, and 
more deliquescent. This is due to the presence of 5 per cent 
of magnesium chloride. The polyhalite is bluish-gray in color 
and has a eonchoidal fracture. 

The salt is valueless and is thrown aside or used fop gobbing. 
Efforts made to separate sulphate of potassium from the poly- 
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halite have been unsueeeasful. Thus the polyh&lite zone has no 
eeonQmic use. 

Above this is the kieserite region, which also contains some 
eamalite. The average composition of this zone is 65% rock 
salt, 17% kieserite, 18% earnallite, and 5% anhydrite. The 
amount of earnallite gradually increases in the upper layers of 
the kieserite region which then merges into the earnallite zone. 

The earnallite zone is the most valuable of the entire series. 
Its thickness is 60 to 130 feet. It forms the upper portion of 
the "lower salt bed." Its average composition is 55% earnallite, 
26% rock salt, 17% kieserite, and 2% anhydrite,*^ 

The earnallite, a double chloride of potassium and magesium, 
is white and transparent jvhen pure, but varies from yellow to 
brick red when it contains impurities. The luster is leas vitreous 
than that of the rock salt, the solubility and the deliquescence 
much greater. The earnallite fonns stratified beds with a 
maximum thickness of 6 feet, alternating with bands of rock 
and kieserite which diminish upwards. The earnallite beds form 
bands of different colors varying from bluish gray, caused by 
the presence of bituminous matter, to rose or bright red, caused 
by iron oxide. In the hanging wall the bituminous material 
become quite abundant. 

In addition to iron oxide, quartz, rutite, boraeite, kainite, 
sylvite, stassfurtite, and taehyhydrite are found in the earnallite 
zone. The quartz crystals are colorless or rose, and in the middle 
of the zone many broken crystals are found which seem to have 
been rolled and sometimes show evidence of a second crystaliza- 
tion. 

The earnallite contains many microscopic fossil fragments 
which Schmidt has attempted to identify with the flora and 
fauna of the Zeehstein.** 

Salt Cioy.'— The earnallite zone is followed by a layer 25 
feet thick of salt clay, formed partly of muddy materials and 

P H. B. Nltze, "Stassfurt Salt Deposits," Mines and Minerals, 
Scranton. June. 1E9S, p. 521. 

M Tralte des GItes Mlneraux. p. 443. 
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partly of precipitated maiiiiesia. The clay is of great im- 
portance, as it protected tlie easily soluble salts beneath from 
being washed away by the flooding of the bay which is indicated 
by the presence of the anhydrite overlying the clay. This 
protection afforded by the clay was so complete that the chlorides 
have preserved their crystal form, but deliquesce instantly on 
exposure to the air. 

An anhydrite bed 130 to 300 feet thick forms, usually the 
base of the clayey shales of the Buntsandatein which overlies the 
salt beds. 

The Upper Rock Salt Bed. — In certain localities, as in the 
Ludwig II mine, Ihere is an upper bed of rock salt, 130 to 400 
feet thick. It differs from the lower bed in its greater purity, 
containing 97% to 98% sodium chloride. The polyhalite rings 
are hardly visible and lie about a foot distant from one another. 
The occurrence of this bed is very local, as is shown in the 
section of the two mines. In the Ludwig II mine the upper 
salt bed is well developed, but it is wholly lacking, a mile away, 
in the Van der Heydt mine. 

The Buntsandstein, composed of variously colored clayey 
shales overlies the salt deposits. 

Primary and Secondary Minerals. — In addition to the min- 
erals which have been mentioned above as occurring in the 
Stassfurt salt deposit, there are a number of others, some of 
which are very rare. These in many instances are of secondary 
origin. The following list is from Precht: 

STASSFTJRT MINERALS.** ' 

Primary Group. 

Bock salt NaCl 

Anhvdrite CaSO, 

Polyhalite 2CaRO,+M2SO,+K,SO,+2HjO 

Kieaerite MeSO/-|-H„0 

Camallite KCL+MgCL+eH^O 

Boracite Mg,B.<,03,Ci, 

Douglaaite 2KCI+FeCI~+2H,0 

V See also lArbaleteiie, le Sel. p. 124. 
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Secondary Group. 

Kainite KjSO,+MgSO,-4-MgCl,+6H„0 

Sylvite KCl 

Schoenite K^SO.+MgSO.+GH^O 

Langbeinite K.S04+2MgS0. 

Reiehardite MgS0,+7H,0 

Jarosite K2SO,+Fe,SO,0.,2(Fe,(OH),) 

Knigite KjSO,+MgSO«+4CaSO.+2H,0 

Glauberite Na,SO,+CaSO, 

Astraehanite Na.,SO,+MgSO4+4Hj0 

Glaserite K„SO, 

Bischoffite MgCl,+6HgO 

Tachyhydrite CaCl,+2MgCl3+12H,0 

Pinnoite MgBA-*-3H,0 

Ascharite iiMg,3;0,+2H^0 

Heintzite KMgH,B„0.„+6H„0 

Kaliborite Me^KHi,B,id,o+6H,0 

Magnesite MgCO, 

Iron pvrite FeS, 

Sulphur S 

Geological Structure. — As shown by the cross section through 
Staasfurt, the salt deposits are no longer in their originally 
horizontal position, and they have undergone great changes, 
resulting from dynamic and chemical action. 

After the deposition of the salt beds the floor of the ancient 
salt sea was gradually raised in an anticlinal fold. This extended 
in a southeast and northwest direction and divided the orisinal 
surface into two basins and constituted the Stassfurt-Egein ridge 
or saddle. This elevation began very gradually during the 
deposition of the Buntsandstein, and continued probably even 
to the close of the Tertiary.** 

Along the crest of the ridire the salt beds were entirely dis- 
solved away and the space they occupied has been filled in with 
detrital material. This process of, removal by solution extended 
so far that now the uppermost edae of the rock salt is 230 feet, 
and that of the earnallite 656 feet beneath the surface.^^ The 
eamallite, along its upper borders, has been altered by contact 
with water into sylvite, kainite and allied substances. 

SOBJ Precht, Sals Industrie von Staasfurt, p. S. 
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Conditions of Deposition, — Daring the deposition of the salt 
beds of northern Germany the low-lying areas were covered 
with a land-locked sea. On the east side this sea bordered the 
older highlands of Magdeburg and Alvenaleben and on the south 
the foothills of the Thuringian forest. The western shore line 
is thought to have passed from the Island of Heligoland in the 
North Sea, through Stade and Luneburg in the Elbe valley to 
Porta on the Weser and then up along the valley of that river. 

Rock salt was deposited over the entire sea floor, extending 
over Altmark, Mecklenburg, part of Holstein and the present 
valley of the Lower Elbe, but it was only in the narrow Harz 
gulf that the extreme degree of concentration necessary for the 
precipitation of potassium salts was reached. In this gulf after 
the deposition of rock salt the richest deposit in the world of 
potassium salts was formed. 

To account for the depth of the salt we must suppose a 
constant inflow of fresh saline materials. This seems to have 
entered through a narrow canal, so shallow that there could be 
no return flow along the bottom of the concentrated salt solu- 
tion. 8ueh conditions now exist in many instances, as. in Kara- 
bugas Bay, which receives saline materials from the Caspian 
Sea and deposits them as beds of rock salt. This is exactly com- 
parable with the supposed conditions of deposition in northern 
Germany. 

After the formation of the main mass of the lower rock salt 
bed the Harz gulf was completely closed by a barrier and became 
a dead sea. By continued evaporation the density was reached 
at which the potassium salts were deposited, first as polyhalite, 
then as kieserite and finally as eamalUte. 

After the formation of the carnallite the floor of the dead 
sea became almost dry. Dust swept by the winds from the bar- 
ren shores covered the carnallite and formed the salt clay. Im- 
mediately after the water broek through the barrier and flooded 
the sulf. Then followed the deposition of the anhydrite. 

The floor of the gulf again became nearly dry, but water 
heavily charged with salt gathered in the depressions and de- 
posited the locally developed upper salt bed.^ 
M Precht, Salz ImJustrle von Staaafurt, p. 7. 
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The salt formation was thm flooded by the ocean and the 
aandstone beds deposited. 

Mines and Mining Methods.'* — In 1900 there were eleven mines 
in operation in the St&ssfurt area. The depths of the shafts 
vary from 300 to 700 feet. The following mining methods** are 
in ose, depending on the angle of dip, the thicknesa of the bed 
and the firmness of the potassiiun salts. 

When the beds are thick, nearly horizontal but loose, cross 
cuts to the camallite are driven from the shaft every 160 vertical 
feet. The salt body is worked in overhand stopee 13 feet high 
by 39 feet wide, with pillars 16 feet wide, extending throughout 
the entire vertical thickness of the bed. 

Where the camallite bed is steeper and firmer, the stopest 
are driven from hanging to foot-wall 32 to 39 feet wide and 
19 to 22 feet high. Pillars 97 feet wide ai« left every 130 
feet along the strike, extending from floor to roof. 

Where the bed is nearly vertical, with a tiffht hang-wall, 
working drifts 35 feet high by 6 feet wide are driven parallel 
to the main levels and connected with the same at intervals 
by crosscuts. The stopes are driven 45 feet high and 22 feet 
wide. The pillars are 32 to 39 feet thick, according to the 
potassium contents. 

All empty stopes are immediately filled wtih gobbing of 
rock salt. Only about 40 per cent of the camallite is won, the 
remaining 60 per cent being left as pillars. 

The rock salt, which is characterized by much greater solidity 
than the potassium salts, is mined by the pillar and stall system, 
the rooms being made 65 feet wide by 30 feet high. 

Both hand and machine drilling is used. A slow acting 
powder is used for blastin". In the camallite bed one cubic 
yard is broken by one and one-fourth pounds powder in drift 
work, and only five and a half ounces in stope work. One 
miner can break ten gross tons in drifting and forty gross tons 
in atoping per eight-hour shift. 

a Furer, Salzbergbau, ISOO. 

Si H. B. Nltie, "Stasafurt Salt Deposits," Mines and Minerals, 
Jun«, lg», p. 6S2. 
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Ill 1900 the yyndieate of Potaaaium Salt Works employed 818 
supervisors and 15,600 workmen. 

The total value of the raw and elaborated potassium sAts in 
the same year was $14,750,000. 

Uses of Potassium Salts (md Their Products. — The kainite 
and sylvite are chiefly ground in the raw state and sold as 
fertilizer. 

The caruallite, kieserite and other potassium-magnesium salts 
are converted into chloride, sulphate and carbonate of potash, 
sulphate of magnesia and glauber salts. Small quantities of 
solid chloride of magnesia, bromine, bromides and hydrochloric 
acid are also produced. 

The potassium chloride is used prineipally in the maaufactare 
of saltpetre, potash, potassium ehromate, potassium-aluminum 
chloride, and is also, like the kainite and sylvite, valuable for 
agriculture. 

Kieserite and glauber salts are obtained as by-products in 
the manufacture of potassium chloride. Kieserite, when still 
further purified, is used in the manufacture of cotton goods. 

Potassium-magnesium sulphate is made from the kainite and 
is largely used in agriculture.** 

SALT DEPC8ITS OP HANOVER. 

In Hanover the character of the salt formation differs' in 
s6me respects from its typical development at Stassfurt. For 
example, instead of the upper and lower rock salt bed there is 
one great mass of rock salt, which contains in the upper horizons 
inclusions of anhydrite, salt clay and potassium salts.** Instead 
of the re<!:ular succession of beds as at Stassfurt, the salts occur 
very irregularly, so that two borings only 1,968 feet apart in 
a horizontal line show the potassium salts in entirely different 
horizons. The salts differ prreatly in purity, color and stmeture. 
They contain calcium and magnesivun sulphates, potassium 
chloride, iron and clay. The rock salt varies from transparent 
to opaque and may be fine or coarse grained. The presence of 
sulphuretted hydrogen is sometimes very noticeable. 

It For further discussion of methods ot manufacture, se« H. B. 
Nitze; loc. cit., p. 622. 

« "Uber Tl^fe KallsatzbohrunKGn," Zeltschr, fur prakt. Oeologte, 
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The richest potassium salt deposits in Hanover are in small 
lenses aa at the Benther Hill mine near the city of Hanover. 



The deepest borings in Hanover have not yet reached the 
base of the salt mass, although some have gone down 4,650 feet. 
It may therefore be possible that the Hanover mines are in the 
very thick upper rock salt bed of the Stassfurt area, which even 
in Stassfurt contains here and there lenses of sylvitic potassium 
salts. 

Deep Borings and Sections. — The deepest boring in the 
Province of Hanover is at Salzdetfurth," where the foIlo\ving 
beds were penetrated by the drill: Buntsandstein, 734 feet; 
rock salt with camallite, 1,476 feet; salt clay, 1,871 feet; rock 
salt, 2,040 feet; camallite with rock salt, 2,112 feet; hartsalz, 
2,125 feet, rock salt, 4,626 feet. Later this was carried to 4.650 
feet, but the base of the deposit was not reached." 

In Hanover the rocks have been very much faulted, This 

n Kloos, Zelftschr, fur prakt Geologle, leST, p. 414 et seq. 
1900, p. 2B. 

SS Eng. and Mining Journal, April T, 190T. 
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complex structure is shown in the following Beetion at DehnseDr 
where the overthrost plane which follows the base of the rock 



Fig. 23. — Section of Salt Deposit at Dehnsen, Germany, with Over- 

thrust Fault, 
salt is at an angle of 25°-30''. 

A similar fault occurs at Meimerhauaen, where the overthrost 
plane is at an angle of 60°. Its effect has been to raise the 
Upper Zechstein (Permian) in which the salt occurs above the 
Buntsandstein (Lower Triassie). 



g. 24.— An Overthrust Fault In the Salt Deposit at Melmerhauseiw- 
Qermany. 
Sfl J. H. Kloos, Zeitschr. fur prakt. Geologle, 1897. 
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These conditions have been explained as due to the formation 
of a north and south ridge, fractured along its main axis so as 
to allow the eastern and western limbs to collapse inward in 
such a way that in the southern part the western and the 
northern part the eastern limbs lie deeper than the opposite 
members.*" 

SALT DEPOSITS IN WURTEHBURG. 

Age and Occurrence. — In Wiirtemburg the salt is mined 
chiefly in three regions: At Heilbronn, Friedrichshall and 
Jagsfelt; at Hall and Wilhelmsgiliick ; and at Schweningen. (See 
Plate XLV.). 

The salt is all in the Muschelkalk (Middle Triassic). It 
reaches its maximum thickness at Heilbronn, but is insignificant 
when compared with the enormonsly tbick Permian salt beds of 
northern Germany. 

Sections. — The following section*' at Heilbronn shows the suc- 
cession and thickness of the beds : 

Feet. 
5. Principal dolomite region 36 

4. Principal anhydrite region 101 

3. Intermediate formation 26+ 

2. Rock salt '. 131-j- 

1. Basal anhydrite (about) 19 

In the rock salt are three horizons: The upper, 39+ feet; 

the middle, containing the so-called Heilbronn anhydrite, 29 
feet ; and the lower, 62 feet thick. 

At Wilhelmsglnck on the Koeber, a little south of Hall, the 
depth of the strata are very similar to those at Heilbronn. 
Siclioii nt Wilhelsmgluck: 

Feet. 

5. Principal dolomite rei^ion 26 

4. Principal anhydrite region 95 

3. Intermediate formation 26 

2. Rock salt 16-39 

1. Ground dolomite 29 

eo Purer, P. A., Salzbergbau, 1900, p. 153, 

«' K. Eindriss. Die Salzstein formation In mltteren Muschetkalk 
Wurttemberg: Stuttgart, 1898, Abp. in Zeltschr. fur prakt, Geolosle, 
1898. pp. 22-24, 
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LESSER BU/r ABEAS. 

la addition to the Stassfurt, Hanover and Heilbronn areas 
salt is obtained in gmaller quantities in Baden, Franeonia, 
Thuringia, Lorraine and oceasionally from thin beds in the 
Lower Rhine Valley. (See Plate XLV.) 

Baden. — At Diirrheim in Baden, two borings** have been 
made ; one on Geisinger Street, the other at the Holzplatz. 

The first begin in the Gypskeuper and reaches the Middle 
Muschelkalk at 381 feet and the Wellenkalk (also Middle 
Triassie but beneath the Muschelkalk) at 678 feet. 

Franeonia. — In Franeonia borings for salt have been success- 
fully made at Bergrheinfeld and Klein Langheim. 

Thuringia.— \n Thuringia in the Gliickauff salt mine at 
Sonderhausen a complete electric plant was installed.** Power 
is supplied from a central station to all the mines and works. 
A current of 500 volts is led down the shaft to the landing by 
a steel-armored cable, 61mm. in diameter, with 3 copper wires 
of 77 sq. mm. in cross sf ction. 

Lorraine.- — The salt deposits of Germain Lorraine at Dienze 
are described on page — in connection with the French deposits 
at Nancy, of which they are a continuation. 

Lower Rhine Valley. — In the Lower Rhine Valley between 
Dus-seldorf and Aix-la-Chapelle thin beds of rock salt are occa- 
sionally met with in coal borings in the red beds beneath the 
Buntsandstein. These salt beds are of interest only as they 
rest directly on the shales overlying the carbonaceous deposits. 

PRODUCTION. 

In 1905 Germany produced 1,959,401 short tons of salt, valued 

at $4,329,496.— «* 

EXPORTS AND IMPORTS, 

The potassium salts of Germany are exported to all the coun- 
tries of the civilized world. 

M Sauer. A., Geol. Speclalkarte von Baden, 1901. 
S3 Sag. and Mining Journal, 1B9B, July 22, p. SI. 
Si Mln. Res. of the United States for 1906, advance chapter on 
aalt by T. A. Coons. 
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There is a protective tariff of 1 cent per 10 pounds on foreij;o 
salt enterini; through the land boundaries of Germany, but 
none on that entering along the sea coast.*' 
Norway. 

Norway has a saline at Walloe on the bay of Christiania east 
of Tonsbei^, which has been in operation since 1738. In this 
saline salt is evaporated from sea water in which imported rock 
salt has been dissolved.** 

There are also a few weak brine springs of no economic use. 

In 18S8 Norway produced 1,250 tons,^ 
Sweden. 

At Torpa in west Gothland several borings have shown that 
a bed of post-glacial clay 100 feet thick and of considerable 
extent has been infiltrated with iodine and chloride salts.** 

There are a few weak brine springs. 
Denmark. 

Like Norway and Sweden, Denmark has only a few weak 
brine springs. 

The Xelherlands. 
In the Netherlands there are a few weak brine spriuM of 
no economic value, but there are salt refineries in which imported 
salt is evaporated. 

Belgium. 

Recent borings near Beerinzen_. Belgium, have resulted in the 
discovery of a deposit of rock salt at a depth of 3.280 feet. 
Further explorations will be undertaken, as the discovery is 
considered important.** 

The first conces.?ion for carrying on test borings has been 
lately sxanted to M. Dumont of Louvain.'* 

es Furer, Salzbergbau, pp. 248-249. 
Id Purer, Salzbei^bau, p. IBS. 

«J StHtfatlque de ITndiistrle Mln., Paris. 

5» Nordstrom, "Om Torpa Saltkalia," Qeol. Foren, Stockholm 
Forh.. vol. 2. pp. 238-241, and plate. 

W TJ. S, Consul Q. W. Rooaevelt'B report, quoted In E!ng. and 
Mln. Journal Dec. 20, 1902, p. 809. 

ro Communicated, October, 1908. by M. van der Broeek, a director 
of the Oeologlcal Survey of Belgrlum. 
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France. 

IMPORTANCE AND LOCATION. 

France is one of the important sea salt producing countries 
of Europe. The total area covered by the salt works is about 
19,000 hectares, in 12 Departments, 7 on the Mediterranean and 
5 on the Atlantic coast. In this industry some 8,000 laborers 
are employed for several months every year. One of the most 
important concerns is that of Pechiney & Co., at Marseilles." 

Deposits of rock salt are found in Lorraine, on the slopes of 
the Jura Mountains and on the slopes of the Pyrenees. The salt 
from the Jura region is very pure and white, that from the 
Pyrenees is grayish or reddish with a decided fragrance of 
violete. It usually has a finer flavor than the eastern salt. 

Lorraine. — The salt of Lorraine is near Nancy, in the Depart- 
ments of Meuthe and Moselle. The salt lies in two horrizons, 
the Upper and Middle Triassie. 

The Upper Triassie beds are the most valuable. They are 
exploited near Nancy, French Lorraine, Dieuze and German Lor- 
raine. (See Plate XLV.) 

The Middle Triassie salt beds are in the Musehelkalk and were 
discovered in 1832 by a boring at Luneville. They are of the 
same horizon as the salt of Wiirttemberg. 

Salt Mines of Nancy. — The salt mines in the vicinity of Nancy 
lie to the eastward of that city in the valley of the Meurthe and 
Sanon, from Nancy to Rosi^res-sur-Salines and Einville-au- 
Jard.'^ The salt occurs in somewhat flattened lenses, lying 
nearly horizontally and separated by saline clays. Similar 
lenses of gypsum are also found. 

The clayB surrounding the salt and gypsum are raised into 
domes which has been explained as due to the expansion result- 
ing from the conversion of limetone into gypsum in the presence 
of sulphur." 

The saliferous beds have a slight dip of l-2cm. per meter, 
thus contrasting with the much folded beds of the Jura region. 



M De Lapparent, Tralte de Geologle, p. 103B. 
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The salt lenses are very variable in niunber and thiekneBB, and 
lie at a depth of 131 to 787 feet beneath the surface. 

The salt includee two sets of beds which are separated by 
clays. Only the upper set is exploited and is best developed 
at the Saint Nicholas mine which is the most important salt 
work of France and is managed by Marcheville, Dagoin & Co. 
The upper horizon there comprises 11 beds of salt, which have 
a combined thickness of 213 feet, running through a depth of 
abont 285 feet. 

In the eleventh salt bed the salt is quarried out and is sent 
to the refinery in block form. The salt is 68 feet thick.'* The 
total length of the galleries, including the old and new fields, 
is now 79,983 feet, and the finished chambers have an area of 
3,574,902 feet." 

Although the roek salt is mined in the eleventh bed at Saint 
Nicholas and at mines at Rosi&res and Saint Laurent, in general 
Uie salt in Lorraine is obtained by converting it into artificial 
brine, the fresh water being pumped down the drill holes. 

The drills of Saint Nicholas mine were operated by steam until 
1899, when this was replaced by an electric plant put in at the 
Madeleine. The brine is carried by underground pipes from 
Saint Nicholaa 5 kilometers to the refinery. The salt is graded 
according to the time of crystalization and consequent fineness 
in 6, 9, 12, 24, 48, 72 and 96 hour salt. About 700 cbm. of 
brine are obtained daily. Soda is made by the ammonia process. 
Salt Deposits of Dieuze. — The saline beds diminish rapidly to 
the eastward of Nancy, but they apparently continue to the 
northward and join the salt deposits of Dieuze, Vic, Moyenvic, 
Chambrey, and Chateau-salins, in German Lorraine, where the 
salt is in the same horizon as at Nancy.''* Tha gypsum keuper 
at Dieuze varies from 197 to 279 feet in thickness and eonsista 
>f brightly colored clays in which the salt and gypsum are 
included. As at Nancy, the salt lenses are limited in area, but 
often 196 to 213 feet thick. The salt is mixed with a bituminous 

n Furer, Salzbergbau, p. 288, IBOO. 

TS Berg und Huttenmanlsche Zeituns, vol. 60, 1901. pp. 4G5-4ge. 
7» H. Bucklns, "Qeologle von Elsasa-liOthrlngen'"; abstract In 
Zeitschr, fur prakt, Qeologle. ISS9, p. 90, 
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c-liiy, sulphate of lime and soda, and a little sulphate of mayi- 
Desia, but it contains no magnesium chloride nor any trace of 
iodine or bromide." 



Fig- 25.— Salt Mines In Clay. Lorraine. (Larbele Crier. L« Sel, 1900.) 

To the northeast of Dieiize, at Sarralben, rock salt occurs, as 
at Luneville in the red and variegated clays of the Muschelkalk. 

There are also saline.s at Halzbronn, Ilaras and other towns 
near Saaralben from which kitchen and glauber salta are ob- 
tained. 

Antiquity of Lorraine Mines. — The salt mines of Lorraine date 
back to the Roman occupatiou. Near Marsal, a little west of 
Dieuze there are ruins which show that mining was carried 
on there by the Romans on quite a large scale. 

SLOPES OP the jura MOUNTAINS. 

Salt is found in this region in the Departments of Dooba, 
Jura and Haute-Saone, 

Department of Doubs. — In this Department, in the vicinity 
of BesancoQ (see may, page 141) the salt industry has been de- 
veloping for the last twenty years. Important salines are at 
Mis' rey and Chatillon, and in 1889 snecessful borings for salt 
were made at Pouilley-les-Vignes. Rock salt has since been found 
in other localities. 

Tf De Lapparent, Tralte de Geologle, p. 103B. 
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The salt horizon at Besangon appears to be a little lower in 
the Keuper than that of Lorraine and is eqaival^it to that of 
the Tyrol. 

Slciion at Besangon.''^ 

Peet. 

GryphEBa limestone •*• 

Lower Lias Schistose marls 75 

• Variegated marls 59 

Dolomite 26 

Red marls with eypsiim 75 

Keuper Compact gray dolomite 32 

Alternating grayish marls and oil horizons. 48 

Variegated marls with gypsum 131 

Rock salt *•• 

The salt is reached at various depths, as at about 656 feet at 
Pouilley-les-Vipies and at 580 feet at Miserey. 

In this region the beds have all been folded in a northeast and 
Bouthweat direction, being parallel to and a continuation of fh>> 
folds of the Jura Mountains. 

Borings have been made in both the anticlines and synelines. 
In general those in the synelines, as the one at Misery, have 
given the best results. This is because the underground wat* r 
tends to remove the salt from the anticlines and wash it down 
into the synelines. 

Mining is carried on wholly by dissolving the rock salt, the 
fresh water being forced down through the drill holes. 

The annual produetior. of the mines of Miserey and Chatillon 
is about 9,000 tons each. 

Department of Jura.— At Montmorot, a hamlet near Lons le 
Saunier, Salins, Are, and Grozon there are large salines which 
furnish about 30,000 tons of salt.''* There are also salt mines 
at Salins, Grozon, and Montmorot.*' The rock salt is converted 
into artificial brine as in Lorraine ; but after the pumping has 
been continued for some time the brine loses some of its salinity. 
The process is then discontinued until the liquid has dissolved 
enough salt to form a completely saturated solution. 

7S Fuchs and De Launay, Traite des Gltea Mineraux. p. 4E2 
M Fucbs and De Launay, Traite dea GItes Min., p. 483. 
SO Larbaletrter, Le Sel, p. ST. 
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THE PYRENEES.*' 

In tlie southwestern part of France in the Department of 
Basses Pyrenees salt is most abundant near Salies-de-Beam. 
Saline beds are found also in the Landes and extend northward 
as far as Dax. At Bax these Triassie beds, which contain salt 
-and bypsum, rises in ridges and bossess from beneath the later 
rocks. The salt is in lenticulai masses. It was accidentally 
found by boring for mineral water in the ditch of an old Roman 
fortification. 

The whole region abounds in mineral springs which are highly 
charged with salt and rise from the saliferous Triassie rocks. 
Secondary deposits of salt have been formed by these springs of 
various geological horizons. In general the salt deposits on the 
Spanish slope of the Pyrenees have been deposited by evaporation 
in lagoons, while those of the French slope lie in extinct eraterS; 
old valleys and various hollows and have been formed as sec 
ondary deposits by the brine springe. 

The thermal springs are even more .important than the salt 
deposits of Dax. The springs extened ten miles along the Adonr 
valley and form the western limit of the salt. Over 500 tons 
of mineral water flow daily from these springs, the water having 
a temperature of 147° Fahrenheit. 

Salt is obtained at Briseon, Orthis and Salies-du-Salat by 
dissolving it through drill holes At Villefranque rock salt is 
quarried, but dissolved at the surface to refine it. 

No borings have yet fathomed the salt of the Pyrenees, ^- 
though a depth of 1,082 feet has been reached at Salies-du-Salat. 

PRODUCTION AND COST.™'** 

The production of France, including Algeria, in 1905 was 
1,275,361 short tons, valued at $3,594,818. 

The salt industry in Fiance is a government monopoly and 
concessions for operating mines and salines are granted to pnvate 
companies. In 1904 there were 29 such concessions. 

ai Stuart -Menteath, Geol. Bag:., new aeries, decada G, vol. 1, 

ia04, pp. S6E-2T2, 

St Communicated by U. Hamond of the MuBenm d'HIetolre Nat- 
urelle, Parla. 

a Mln. Res. of the United States for 1906, "Salt." by A. T- Coons. 
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The average price per metric ton is $1.30 for unrefined salt 
and $6.3^for refined salt, these rates not including the revenne 
tax. 

Price of Labor. — There are 281 workmen employed in the 
mioea and 1,126 in the evaporating plants. Their wages are 82 
cents a daj'. 

TARIFF AND REVENUE TAX. 

The present tariff on refined salt imported into France is 
22 cents per hundredweight ; on refined salt 30 cents. 

The internal revenue tax** is now $1.00 per 100 pounds. 
Philippe VI, in 1340, first placed the manufacture and sale 
of salt under the control of the royal treasury. In the old 
regime salt became extremely dear and even the poorest peasants 
were compelled to purchase a certain quantity per capita, for 
themselves and each of their children. For five centuriea this 
tax, called La Gabelle, was one of the most oppressive and hated 
taxes of the monarchy. "WTioq under Henri II it was fraudu- 
lently increased the people finally refused to buy salt at the 
royal warehouses and there were several massacres. Louis XVI, 
shortly before his execution, in a vain attempt to win popular 
favor, suppressed the tax, but the First Empire restored it and 
increased it to $3.60 per 100 pounds. In 1848 this was reduced 
to the present rate. — _ 

EXPORTATION. 

Prance exports salt largely to Belgium, the Island of St 
Pierre for the fisheries, to Brazil and Madagascar. 
Spain. 

OCCURRENCE, AGE, ETC. 

Sea water is the main source of the salt manufactured in 
Spain, as in Portugal and Italy. 

■ Cadiz and San Fernando, just south of Cadiz, harvest anually 
a large amount of sea salt, and it is also evaporated at other 
localities along the southeastern and southweetem coast. 

Brine springs occur all along the southern slopes of the 
Pyrenees from the Bay of Biscay to the Mediterranean. In the 
Province of Teruel saline Triassic beds give rise to a number 

sf Larbaletrler, Le Sel, pp. 141-14*. 
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of salt Bprings, some of whidh were used for many years by the 
State." 

On the southeastern slopes of the Pyrenees there are deposits- 
of rock salt which reach their greatest development at Cardona 
in Catalonia, about 86 kilometers northwest of Barcelonia on the 
Cardonero River. The country in this region is a rather high 
plateau deeply dissected by the river. On both banks, but 
especially near Cardona, there are such masses of rock salt that 
salt seems to take the place of ordinary rock and one might 
say that the city was built on the saU.** 

THE CAKDONA SALT DBPOeiTS. 

The salt deposit lies in the center of an anticline, from which 
the upper beds of Oligocene sandstone have been removed by 
erosion."^ The deposit is deepest at the head of a small valley 
about half a mile in length, which runs from the river to thfr 
mines in a general east and west direction. On entering tbe- 
valley the attention is at once arrested by bold eliffs of a grayish- 
whit« color, which consists of one vast mass of salt.** At the 
upper end of the valley the salt forms a rugged precipice. This 
mass of salt, which is 4 kilometers in circumference and 400 to- 
600 feet high, has often been called the salt mountain. 

Its precipitous form is partly due to the way in which it has 
been exploited, as for centuries the salt has been woi^ed dowit 
perpendicularly, as in an open quarry.*" (See Plate XLVIT.^ 

The surfaces of the salt precipice which have been long ex- 
posed to the weather are cut in shallow, tortuous channels, with- 
edeges so sharp as to cut the hands tike broken glass. The 
whole surface has a striking resemblance to a mass of ice which 
has been partly thawed and frozen again. Ford has compared' 
it to the face of a glacier. The colors, he writes, vary extremely 
and are brilliant in proportion as the weather is clear, showing 
in the sunshine all the tints of the rainbow. 

W Cortazar, Daniel da Flalco-geologico de la Province de Teurel, 
Madrid. 1885. p. 277. 

86 Fuchs and De Launay, Tralte des Gltea Mlneraui, pp. 49S'9. 

n L. M. Vidal, Comte-Rendu de I'BxcurBloa. Bull. Soc, G«ol^ 
France, Sine Ser.. vol. 20, 1898, p. 727. 

Si Trail, Trans. Geol. Soc London, 181S, pp. 401-41Z. 

m Vldal, Bull. Oeol. Soc. London, 1816, pp. 404-412. 
PI. 18. 
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The salt is nearly pure in the lower beds, where very fine cubic 
erystals are found containing gaseous and liquid inclnsioiui. 
The upper beds are banded with red, so that that part of the 
mountain of red salt. The salt without losing its compactness. 
becomes veined. These veins, which are only one to several 
centimeters thick, are greatly crumpled and sharply folded, 
evidently as the result of very great lateral pressure. This 
folding of the salt beds is shown on Plate XLVIII.*' 

Gypsum sometimes overlie the salt, or is intercalated as bands 
in the salt; and sometimes -it forms a mixture with the salt and 
clay in which very rarely iron pyrites occurs. 

Age of the Cardona Salt. — Marcel de Serres and Joly found 
in the red rock salt of Cardona remains of Tnfusoria to which 
they were inclined to ascribe its red or green color." Aside from 
these no fossils have been reported from the Cardona salt, and 
owing to t^is scarcity of organic remains, the age of the deposit 
has not been satisfactorily determined. 

Vidal and DoUfus" think it is Oligocene and this is in general 
the opinion of the Spanish geologists, An ai^ument strongly in 
favor of this is the fact that saline beds are found associated 
with Oligocene strata in anticlinal folds in nearby localities, as 
to the west of Cardona the saline clays of Vilanova de la Aguda, 
in the Province of L4rida lie in an anticline of Oligocene marls. 
There the salt does not appear at the surface, but its presence 
is indicated by a small brine spring and there are many sink 
holes which resemble those of Cardona. To the south of Cardona 
at Suria there is a small salt bed which is also in an Oligocene 
anticline. 

SALT DEPOSITS OP THE EBRD VALLEY. 

There is a salt deposit of some importance between Capparosa 
and the Ebro River. The salt is five feet thick and lies betwwMi 
the gysum and clay.** 

W Vldal, Bull. Geol. 5oc. France, vol. 26, 189S, Fl. 14. 

W a, Btrohof, Chem, and Phys, Oeol.. vol. 1. 186*. p. SB4. 

M Bull. Soc deal. France. 3me Ser., vol. 26, 1S9S, pp. 728, TSl. H. 
Carey, however, thinlis the salt is Triaaalc (719), iwid HM. Bergeron 
and Deperet that the aalt may be TrIaiBic and the gypsum O1iK0c«ntt 

(7ai>. 

W Fuchs and De Launay, Tralte des Giles Mln»™'n, p, 499. 
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A much more important salt hed is at Remolinos, 40 kilomettirs 
north of Saragossa, on the left bank of the river, where the salt 
mines are very famous. The village is built against a high 
cliff of gypsum and salt in layers alternating with pulverized 
clayey marls. The salt mass is very thick, but it is mined only 
during a few months of the year, so as to get enough to supply 
the province, although lai^ quantities could be quarried out 
if desired 

The salt deposits of the valley of the Ebro were probably 
formed during the Miocene and perhaps also at a later period, 
in a gulf which was open to the sea at its mouth, while its upper 
valley was occupied by salt lakes which on evaporating formed 
the salt deposits. ** 

THE SALT MINE OF MINQLANILLA. 

The mine of MinglaniJla,"* in the Province of Cuenca, ranks 
nest to Cardona in the production of rock salt. The mine seems 
to have been first opened by the early inhabitants of Spain. It 
formerly was Crown property, but is now carried on by a private 
concern. 

The old entrance into the mine was down a winding wooden 
airway with over 200 steps. The salt is quarried out in gal- 
leries 32 feet high and wide, the roofs being supported by pillars. 
The salt water near the shaft is collected in a well 32 feet deep, 
from which the brine is raised to the surface and evaporated. 

The salt lies in the Triassic. The depodt is 131 feet thick 
and yields pure rock salt throughout. Eight hundred thousand 
kg. are yearly mined. 

The rock salt is usually ground and put in sacks holding 60r 
to 80 pounds, and carried on donkeys to the warehouses or the* 
nearest railroad station. Lai^e lumps are sold for the use of 
cattle. 

The contract wages of the workmen who furnish their own 
light and tools are 20 ceiitesimos for every 200 pounds mined. 

A saline is run in connection with this mine. The «ame 
methods are used as on the sea coast; that is, the brine is run 
into shallow reservoirs and allowed to evaporate in the sun. 
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This saline produces 1,600J)00 pounds of salt annually which 
equals the amount of rock salt produced. 

THE MINES OP viLIJlRUBTA. 

At Villarubia, near Ocana, in the Province of Toledo, there 
are rock salt mines in which Glauberite is sometimes found. 

A salt deposit at Posa, near Burgos, resembles the Maros-TJjvar 

salt mass in Hungary. ^_ 

PRODUCTION.'*' ^ 

In 1905 Spain produced 543.931 short tons of salt, valued at 
$736,074. 

EXPORTATION. 

Salt is e.xported fnnii Spain chiefly to Africa and to South 
and Central America. Competition with English salt has 
greatly reduced the Spanish trade. 

Portugal. 

Portugal** is one of the chief sea salt producing countries 
of Europe. 

Even in the time of Pliny the town of Setubal, tl^n called 
Cetobriga, was renowned for the excellent salt manufactured 
there, and to this day it is one of the important centers of the 
salt industry. The sea salines {Marinhas) furnished not only 
enough salt for home use but a large quantity is exported. The 
number of the salines was, however, much greater in former 
times than now. In 1790 there were 2,863, many of which have 
since been abandoned. The salt is of three grades: 93%, 89% 
and 80% sodium chloride. 

The best grade comes from St. Ubes, near Palmella, Setubal 
and Alcacer do Sal. The next best is from the salines of tlie 
Tagues, near Lisbon, Other sea salines are at Pigueria, Aveiro, 
Porto and Yianua, and in the south at Castromarin, Tavira, 
Faro and other localities. 

Brine springs occur on the risrht bank of the Tairus at Rw 
Major. 

SS Min. Bea. of the United States for ISOfi. , ' 

W Hothwell, Mln. Industry, vol. 13, p. 881. 
as Furer, SalzBer^ati, pp. 28J-281. 
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The Portuguese sea salt contains leas moisture than the French 
and, as it can be sold at a cheaper rate, it damages the French 
trade very considerably. 

The sea salt of Portugal is particularly valuable for salting 
fish and meat and it is very largely exported for this purpose. 
Switzerland. 

In northern Switzerland, in the Canton of Aargau, rock salt 
beds 19 to 164 feet thick are found in the lower clays of the 
Muschelkalk (Middle Triassic). The salt is mixed with gypsum 
and anhydrite. It is converted into artificial brine and evap- 
orated. 

In the Canton of Bern small salt beds are found at Fameren 
and Leisaigen.^ 

Bex is the most important salt locality of Switzerland. The 
deposit at Bex is Jurassic (Lias) . In 1554 the first brine spring 
was discovered there and up to 1832 brine was evaporated for 
the manufacture of salt; but after the discovery in that year 
of roek salt the latter has been converted into artificial brine. 
By this method about 3,000 tons of salt are produced annually *• 

The production and sale of salt is in the hands of the State."' 

In 1902 Switzerland produced 50,990 metric tons of salt."* 
Nearly enough is produced for home eonsiuuption, but some 
evaporated salt and sea salt is imported from France, refined 
sea salt from Italy and table and rock salt from Heilbroan, in 
Germany, 

Italy. 

HAmLAND. 

Italy is the cradle of the saltern industry. Pliny rehites ^lat 
Ancus Martius, the fourth of the early kings of Rome who 
reigned from 640 to 616 B. C, was the first who had sea water 
led into closed basins to evaporate so that salt couH be made. 
Later many such salterns were established bo that even in verjr 
early times the manufaetiore of sea salt was an important in- 
dustry. Aji interesting relic of this is the Via Solaria- -"tbo salt 

W Furer, Solzbergbau, ISOO, p. 22. 

m I,arbaletrler, Lo Sel, 190O. p. 75. 

lai Furer, SalzberKbau, p. 287. 

Kt Bothwell, Mln. Industry, vol. 13, 1»05, p. SI, 
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road" — one of the oldest of the Roman roads whi^h still passaa 
through Rome and was biiilt for the salt trade between Ostia 
at the mouth of the Tiber and the inland Sabine country, 
SEA SALT. 
Salt production in Italy, exe^t on the Island of Sicily, ia 
under government control. The salterns or salt fat'ms are either 
leased to private companies or administered direirtly by the 
State through the Minister of Finance. ^<«- ^* 

SALINES. 

At Volterra the rock salt brines are evaporated in a saline. 
The brine is obtained from an artesian well 300 yards deep, 
and is pumped into open boilers, under which fires are con- 
stantly kept burning. About two tons are made every six hours, 
and some 10,000 tons annually. The salt is sold priniiipally 
for table use. 

At Salso-Maggiore brine is obtained from wells which are 
sunk to about 40 yards depth. 

The more costly evaporated salt manufactured in the salines 
cannot compete with the cheap sea salt. 

SALT AND PETROLEUM SPRINGS. 

At San Valentino on the Rio Rocca and San Romano on the 
Rio delle Viole are springs which contain naptha and salt.^"* 
BOCK SALT. 

In Italy rock salt is found in Tuscany at Volterra. in the 
Campania near Naples, in Calabria at Lungro, and in Sicity 
at Castroffiovanni and other localities. 

VoUerra.'"^ — At Volterra the salt lies beneath Miocene beds 
■composed of gypsiferous clays. The salt was first discovered 
by Giovanni Targioni in 1716, but the important bed was not 
found until 1832, when an artesian well was sunk. The drill 
passed through five beds of rock salt, of which two were found 
to have considerable thickness, the fir^it 1-3 feet thick, at a depth 
-of 141 feet and the second, 39 feet thick, at a depth of 282 

«W Purer, Salzbergbau, p. 28S. 

10* Jour. Society of Arts, London, June 3, 1881, p. 809. 

lOS Ferrettl, "Sopra 1 vulcanl dl fango," Boll, del R, Comltato Geo. 
loglco, vol. S. 18TS. p. ITS. 

KM Becbl, E.. Atti della Reale Academla del LIncei, Ser. i, vol. t. 
Vt. 2. 1876, pp. 46-47. 
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feet. Since that time a number of other borings have been made 
in the vicinity of Volterra and the salt ia exploited by means- 
of shafts and galleries. The salt of Volterra is very compact 
and varies in color from white to reddish. 

Lungro. — At Lungro in Calabria is a salt mine that has beett 
exploited for centuries and has often been abandoned and re- 
opened. 

The salt occurs in irrcaiilar beds, alternating with salt clays, 
which are used for gobbing. 

There are two varieties of salt: Ceroino, compact, blue or 
grey, the color disappearing after grinding, and Formico, white^ 
and crystalline. The latter sometimes occurs in large, cubic 
crystals so transparent and handsome that they are made into- 
ornaments.""' 

The modem methods of mining have only lately been intro- 
duced and the old rooms were filled up with salt clays. Galleries 
are now constructed along direct levels. The salt is blpsted. 
In the mine the pure salt that needs no refining is separated 
from the impure salt (Salose) and the salt clay (Barde). 

The age of the Lungro salt is generally thought ti be ilioeene- 
and Eocene and Viola thinks it is also in part Triassic."* 
SICILY. 

Sea Sali-Sea salt has been made near Trapani since 1507. 
The averse production is 200,000 tons. The evaporating pans- 
are about 90 feet square and 15 inches deep. The sea water 
is brought in by means of windmills. The salt is harvested three ■ 
to five times a year and the season closes with the fall rains.*"* 

Much of the salt is used on the island, but it is also shipped 
to Scandinavia, Finnland and North America, wliere it is used 
for salting fish. The production of sea salt pays well in Sieily 
in spite of the tax of 33% on the profits and an export tax of 
5 cents per ton."" 

6, vol. 8; pt. 1, 189»^ 

I. tffe-iSOl, p. iis. -■ '■' 
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Kock Salt. — In the interior rock salt is found near the center 
of the island. The saliferous zone begins south of Nicosia and 
extends as far as Cattolica, the greatest width is about 20 kilo- 
meters and the length about 120 kilometers. The salt occurs 
as masses which reach, the surface or are lightly covered with 
alluvial. Among the most important are those of Leouforte, 
Ca8tr<^ovanni, Trabona and Racalmuto. At Castrogiovanni 
the salt which is very pure, forms an escarpment 52 feet high 
and contains rose-colored concretions of potassium chloride,"' 

The present output of the Sicilian mines is some 15,000 metric 
tons, -but this could easily be much increased."* 

SARDINIA. 

In Sardinia about 150,000 tons of sea salt are made annually. 
The Sardinian salt is a source of great revenue to the State, to 
which it is delivered at Genoa, Spezia and other cities, at the 
price of $1.30 per metric ton and is later sold by the State at 
$18 per metric ton.-*" _ .. — . — : — 

PRODUCTION. 

Ie 1905 Italy produced 482,475 short tons of salt.^* 
Importation and Exportation..'''' — No salt is imported iiito 

Italy. Salt is exported to Africa, America, Russia, Sweden and 

Norway It is used chiefly for salting fish. 
Austria-Hungary. 

OCCURRENCE. 

Salt is produced in Austria-Hungary in the following 
regions :"* 

The Alps, where most of the salt is produced from saliuee 
and a smaller amount of rock salt is mined; the Provinces of 
Qalicia and Bukowina, where there arc four important rock 
salt mines, including a potassium salt works and ten salines; 
Marmoros. in Hungary, where there are thre salt mines and 
one saline; Transylvania, where there are nineteen salt mines; 
the Provinces of Dalmatia and Istria, where sei salt is manu- 

lU Ledoux, Ann. des Mines, 7th ser.. vol. 7, 187B, pp. 1-84. 

IB Purer, Salzbersbau, p. 281. 

ia Bob. and Min. Jeur.. Sept. 13.- ISM. p. 320. 

m Mill. Res. lot the United States for 1B06. 

its Purer, Salisbergbau. 

iW Purer. Salzber^bau- pp. 2*9-252. 
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factured in five sea salines on the Adriatic; the ProTincos of 
Bosnia and Herzegovina, where there are two salines. 

THE ALPINE SALT DEPOSITS. 

Age. — The salt is Triassic and lies in masses between the upper 
and lower Alpine limestone. The largest mass is at Berchtes- 
garden. It extends 4,985 feet from north to south and somewhat 
more from east to west. Its greatest known thickness is 934 
feet. The next in size are those at Aussee, Hallstatt, Ischl, 
Hallein and Hall. 

The salt deposits seem to have been originally deposited as 
horizontal strata, which by later folding and faulting during 
the rise of the Alps, between the Miocene and Pliocene period, 
were broken up into a breccia. Slight orogenic movements con- 
tinue even today. 

The masses of salt are always impure, containing in general 
a large proportion of elay, and they are often dark colored 
or reddish. Veins of anhydrite, polyhalite and glauberite are 
quite common. At Ischl the salt mass is 50-55% sodium 
chloride, at Hallstatt 70-75%, at Aussee 80-90%. 

History. — Salt mining in the Austrian Tyrol dates back to 
very ancient times. One salt mine has been found that is 
thought, from the character of the ruins, to be more than 2,000 
years old. At Hall mining has been carried on since the four- 
teenth century.^" 

Hall. — The mines of Hall are about eight miles from the town. 
They are reached by a path up a narrow ravine and lie in the 
heart of the wild and beautiful Tyrolese Mountains. The descent 
into the mine is made from a flight of 300 steps into the midst 
of the mountain. There 48 chambers have been excavated, 
each one to two aerra in area. One of the galleries is three 
leagues in length and more than six days would be required to 
traverse all the galleries. 

The method of enlarging a eavem is this : The miners, with 
heavy pickaxes, detach fragments of the salt from the roof and 
walls, and when the eavem is partly filled, fresh water ]s let 
in to dissolve the salt, and the saturated solution is then pon- - 

in Bag. and Mining Journ., Sept. 9, 18S2, p. 1ST. 
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veyeA by conduits from the uiiae to the tnanufaetoiy at Hall. 
So at ft given time some of the caverns are dry and rainers are 
at woi-k in them, while others are made temporarily into salt 
lakes. 

Ealistatt. — The mine at Hallstatt is reached by a very precip- 
itous iiscent up the face of a limestone cliff, the level of the 
lowest gallery being 1,200 feet above the lake. Ayhen the mine 
was visited by Sedgwick and Murchison in 1830 there were eight 
principal galleries from which the salt was extracted, the hijthest 
being 2.343 feet above the lake. The salt was estimated by them 
to be 1,100 feet in vertical thickness."* The highest galleries 
traverne the salt and reach the limestone of the Blossen Moun- 
tain, but the range of the deposit in the depths of the motmtain 
is unknown as all the lower galleries terminate in the salt. 

The first fire damp explosion recorded oeemred in the 
Hallstatt mine on September 9th, 1664, 20 years before what is 
generally supposed to be the first historical evidence of the 
presence of fire damp."* 

/scA(.— The salt mass at Ischl, like the others of tbis region, 
is a breccia of saliferous clay ai>d gypsum, separated from the 
surrounding gray limestone by an envelope of blue, gypseous 
ehale. Fossils in the limestone are abundant but poorly pre- 
served and include cephalopods, crinoids and corals. Fossil 
wood lias been found in the roek salt at Ischl. 

The mine at Ischl is called the Sa'zberg. The chief entrance 
is about three quarters of an hour's walk up the mountain from 
the village. On entering one walks through a long, low, wet and 
narrow passage to the slide or niisch which leads down into the 
salt chamber.-"" 

The mountain contains a great many of these chambers, which 
at different periods are filled with fresh water. 

The water is later drained off through a deep perpec dicular 
shaft near the middle of the chamber and is then eonduited to- 
the evaporating plant. 

'« Trans. Qeol. Soc, 23 ser., vol. 3. 1835, pp. 301-*aO. 

Its Eng. and Mln. Journ., May 5, 1B04. 

isu Natural History of Salt. London, pp. 100-104. 



.coy Google 



Mining Me; 
salt mines of 
galleries at di 
with the outi 
slope of the i 
the course of 
subterranean 
_ The salt is . 
into artificial 
mine. Two n 
cootinuouB. . 
filling the ge 
ample, the ch 
of 7,000 sqm 
This chambei 
days for diss 
in forcing th 
it is pumped 
at the point c 
to clarify in : 
used in many 
In general, 
orated, first 
sMot is depi 
cry stall zes ou 
remain in soli 

The most 
Wieliczka and 
and of Kalus: 

History. — 1 
about five mi 
num Sal," is 
dietine Monas 

Experimen- 
first, Gottes 
Gottes, reach. 



Dy Google 



.coy Google 



Louisiana Geological Sukvky 



YELLOW 3AN 



pm-i-p-™ 



Dy Google 



Report of 1907, Bull. No. 7, Pl. L 



"I BROus GypsuM 

^JCACIOUS SHALES 



NOSTONE. 

IKe Balt.c 
JSTRIA-HUNCAKV 



.coy Google 



^J 



Dy Google 



Rock Saivt. 175 

1647 there were eight shafts in operation, three of whioh have 
caved many years ago. 
: Age.— The salt of Wieliczka is a continuation of the Transj'I- 
vanian Miocene salt deposits. The auceessioii of strati in the 
■Wieliczka mine is as follows:"' (See Plate L.) 
General Section. 

1. Yellow sand. 

2. Red loam. 

3. Pine sand with clay. 

4. Marl and clay with boulders. 

5. Unstratified salt, Grunsalz formation, with salt fragments, 
houlders of sandstone, limestone and granitic blocks in greenish- 
gray clay. 

6. Stratified salt, consisting of salt, clay and anhydrite with 
a southerly dip of 30.° 

Occurrence. — The unstratified salt occurs in irr^ular frag- 
ments, as shown in the illustration, some of which are 164 feet 
thick. They lie in saline clays. To the east this horiaon overlies 
stratified salt, but in the west it extends further and reaches 
down as far as the borings have been carried. 

The salt fragments have often a schistose structure and their 
composition is about that of the lower beds, but they contain 
more clay. The fragments have evidently resulted from the 
dislocation of a previously stratified bed like that of the lower 
borizon. 

The unstratified salt beds contain marine fossils, but no plants. 
The most abundant species are Pecten lilli and P. denudatus. 
Nucula and Ostrea are ako found. 

The stratified salt bed has a miximura thickness of 492 feet. 

Fossils. — The fossils in this horrizon, except of Planorbis, 
are all marine and include Foraminifera, Corals, Bryozoa, 
Echinoderms, Vermes and Crustacea. Among the plant remains 
that were washed in are fir cones, nuts {Carya), fragments 
of beech and birch wood and a species of palm (Raphia). In 
all in both horizons 274 species have been found in the salt and 
saline clays. 

Itl Windakiewicz, Berg und Hultenmannlsche Jahrb. der k. k. 
Bergakademlen Wlen, vol, 45, 1897. pp. 111-234; plate 3, tig. 1, 

JM Puchs and De Launay, Tralte dos Giles iwln., p. 511. fflg. 7S. 
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Kinds of Salt. — In the stratified salt bed there are three 
varieties of salt: Schibikersah, 6-16 feet thick and sometimes 
more, coarsely crystalline, 99% salt, 1% e!ay; Spizasalz, 65 feet 
thick, finely granular, grayish, impure, containing quartz sand 
and is often bituminous; Grunsalz, grayish-green, erystalliue 
with inclusions of clay and anhydrite. 

The Grunsalz lies betwerai the other two and also forms the 
salt fragments in the upper horizon: Only the Schihikersais 
is used for food, the Spizasah is used in chemical factories and 
the Grunsalz is so impure that it is used largely for gobbing. 

Oeeaaionalty very pure crystal salt is found. In olden times- 
this was always sent to the King of Poland, who gave it as 
presents to his nobility or had it cut into ornaments for his 
palace. The salt is so very transparent that attempts have been 
made to make it into mirrors. 

Description of the Mine. — The mine of Wieliozka is the largest 
and most beautiful salt mine in the world. It has been quarried 
into chambers that lie in seven stories one above the other. The 
chambers communicate by horizontal passages and the stories 
are connected by shafts or winding stairs. The depth of the 
mine is some 984 feet and the lowest chambers are 300 feet 
below the level of the sea. 

The following account of the mine is from the description^'* 
given by Mr. "W. G. Fitzgerald, a New York journalist, who vis- 
ited the mine in 1905 and secured under circumstances of great 
difficulty the only set of photographs in existence. Several of" 
these we have reproduced. The policy of the Austrian govern- 
ment in regard to the mine is so secret that the original nega- 
tives were not allowed to be kept in this country. 

One descends now by an elevator or if one prefers, by the- 
great staircase, one of which was built in honor of a visit of 
Augustus II, the other for the use of the Austrian Emperor. *♦- 
The iirst sensation on reaching one of the vast chambers is one 
almost of terror at the vastness, the thick darkness and the 
sombfr echoes. One of the first sights is the great ballroom 
(see Plate LI) with its venerable pillars and porticoes, galleries. 
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and stupendous cbandeliera all carved with patient art out of 
glistening salt. One of tbe cbandeUers is 30 feet high and t>0 
feet in circumference. 

Walking band in hand with one's guide through this enormous 
ballroom, which dat^ back to the early part of the eighteenth 
century, one is told in swift and fluent French of the weird 
and dazzling functions that have been held there at various times. 
As, in 1814, at the fete in honor of the K-usslan Emperor when 
the walls were festooned with flowers and glittered like diamonds 
in the brilliant lights and fireworks. A splendid banquet was 
served and lovely music was played. 

In a recess at the extreme end of the great ballroom is a rude 
but massive throne of greenish salt. 'This is the throne of the 
Emperor, Franz Josef. 

Leaving the ballroom, one is guided to the Chapel of St. 
Anthony of Padua, hewn out in the seventeenth century. 

Formerly mass was said in the chapel every morning, but 
now it is only celebrated on tbe third of July every year. 

On the third tier or story of this strange undei^round city 
is a railroad station and an excellent restaurant. (See Plate 
UI). At the railroad station 25 miles of railroad lines from 
all parts of the mine join together. The station is made entirely 
of salt. The restaurant is kept open all summer for the benefit 
of tourists who come from all over the world, but especially 
from Austria, Russia, Poland and Germany. 

Seven hundred feet below the surface of the earth is the 
great salt lake, a Dead Sea. Over its thick and dark waters 
visitors are carried in a boat or barge which is guided through 
the various caverns by ropes and pulleys. 

There are more than 1,200 miners. They make a bare living 
and receive no regular wages, but are paid according to the 
amount of salt they produce. Some of them work all day long 
lying on their backs and wielding a pick against the roof— and 
all for a dollar or so a week. The salt is carried to the railroad 
in roughly made wheelbarrows. 

The miners and the horses which spend all their lives in the 
mine are seldom or never siek, for tbe air of the mine is very 
healthful. 
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from the southeast to the northwest and a dip to the southwest, 
the uppermost at an angle of 40" to 45,** the lowest at 20° to 25.* 
passes through only a few yarda of kainite, the second through 
125 yards and the third through 225 yards."' (See Plate 
Lin., A.) 

Camallite occurs only rarely in the kainite bed. Two small 
masses have been found at the third level, consiating of 41% 
camallite and 42% rock salt. 

Sylvite is obtained chiefly from the second level. 

The total amount of kainite is estimated at about 125,000 
cubic yards. In 1895, 2,400,000 pounds of kainite were produced. 
This is only about 57% pure kainite, while tiiat from Leopold- - 
shall, in Germany is 68%. But in the deeper {wrtion the Kalnas 
kainite becomes much purer and in the lowest level it is some- 
times 95% pure. 

A very large proportion of the kainite produced at Kalnsz is 
used in Galicia. 

Mode of Formation. — The Kalusz salt deposits were formed 
in n lagoon, the saline materials being derived either from salt 
brooks'*' or more probably from the sea through a narrow 
strait"* 

In either case the salt beds are regarded as a primary deposit 
and not secondaiy, as was earlier thought. The kainite and 
sylvite are not, as in the Staasfurt basin, products of the carnal- 
Ute. 

THE MINES OP MARMAR06. 

The salt deposits of Marmaros only reach the surface vt 
occasional outcrops, but they probably form a continuous under- 
ground belt, as the salt springs indicate. 

Above the salt are bluish-black clays sometimes 131 feet thii*. 
The depth of the salt is not known, but it has been mined down 
to 502 feet without losing its purity. 

In the Marmaros re^on there are tliree groupa of tnioei; on« 
at Szlatina, one at Bonaazk and one at Sznkatak. 

ttt Forer, BalibeTgtan, pp. lES-UI. 

117 NledEwledakl, Salzgebtrge von Kalan. 

at OcheeDlus, Zeitockr. fur prakt. 0«oL, 189S, p. t4t. 
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The Szlatiua salt mass is 2,177 feet long. The salt has a 
vertical and horizontal cleavage. The principal chambers &!» 
the first, Frangois, which was b^un in 180S and is now 82 
feet high and S41 feet'loug, and the third, Ctmegonde and 
Nicolas. 

THE MINES OF TEANgTLTANU. 

The salt-bearing Miocene beds lie in a northeast and soathwest 
direction and are mined at Vizakna, Maros-Ujvar, Parajd, 
Tborda and Dees. (See Plate XLIX.) The salt, which extends 
down to tmknown depts, occurs as masses in clays. The salt ift 
usually white, but is sometimes gray and in Parajd there is a 
rare blue, fibrous variety. Peculiar parallel mailings occur 
in the salt caused by lighter and darker layers a few centimeters- 
thick. 

Maros-Ujvar. — ^At Maros-Uivar the salt mass is egg-shaped 
and is about 900 yards long and 500 yards wide. It is estimated 
at 100,000,000 metric tons. A surface view is shown on Plate- 
LIII., B. The vertical bedding of the salt has been explained 
by the hypoteais that it represents the eroded crest of an an- 
ticline, as is shown on Plate LIII., C. The salt ia wonderfully- 
pure, being 99% to 100% sodium chloride. 

The mine was worked in ancient times, but more modem- 
exploitation began in 1791, where three shafts were sunk 50 to 60- 
yards in depth. A new field was opened by sinking the Stefania- 
shaft in 1870.'*» 

This was the first Hungarian mine to be lighted with elec- 
tricity. 

The salt is under-cut and blasted down and the blocks weighing- 
about 100 pounds are carried in trucks to the shaft and raised 
to the surface. The small salt is pulverized in mills and packed' 
in 100-pound bags, 

A soda-ammonia factory was put in operation in 1896. 

This is the largest of the Transylvania mines and employs- 
about 500 workmen. 

Dees. — At Dees the salt mass cannot be mined at a greater 
depth than 50 to 60 yards, because of the infiltration of water- 
^ I 

«» Mines ana Minerals, Scranton, vol. 18. 1897-1898. p. 894. 
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, which has honey-combed the salt. Mining seems to have been 
bogun in 1478. The older chambers have a hut or bell-shaped 
form. One part of the mine has been abandoned, and only the 
Ferdinand shaft is now in operation."" 

Pafojd.— The salt mass at Parajd is estimated at 950,000,000 
metric tonis. The salt is under-cut and broken into blocks. The 
mine is operated only in winter, as the miners are farmers. The 
8&me methods are used in the mine at Yizakna, 

Thorda. — At Thorda the salt has been mined to a depth of 200 
yards. A gallery about 800 yards long leads to the chamber 
which is now being mined. Some of the chambers are 200 or 
300 years old, and are cone-shaped. They are famous for their 
wonderful echoes. This mine was known to the Romans. 

The salt mass is about a mile long and a mile wide. 

The miners mark off areas six yards long and break the salt 
up into blocks weighing about 100 pounds. 

At Thorda and Maros-Ujvar a few foraminifera have been 
found identical with species from Wieliczka. No other traces 
of oi^anic life have been discovered. 

MINING METHODS. 

The usual method of salt mining in Hungary, Oalicia and 
Transylvania is by hollowing out vast chambers. Up to 1877 
these were bell or bottle-shaped or rarely conical, but since then 
a rectangular shape has been adopted. A longitudinal gallery 
is first cut out and from it a series of transverse galleries. The 
salt is under-cut then broken off into blocks by heavy wooden 
hammers. Some of the chambers have taken 250 to 350 years 



PBODUCnON AND SAl-E OP SAIVT. 

The salt mines of Austria-Hungary are a monopoly of thei 
government and one of the principal sources of income. 

The first cost of salt at present to the consumer in the United 
States is less than $2 a ton ; in Austria-Hungary it U over $30 a 
ton. Thus while furnishing less than 5% of the world's total 
production the salt of Austria-Hungary amouTits to about 40% 

no Purer, SfllEbergbau, p. SSE. 

m MIn. Res. of th« nnlted BUtee for ieO«. 

at Bnd. and Mtn. Journ., March U, 1904. 
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of the total valae. In 1905 Austria-Hungary prodnoed 609,572 
short tons of salt.'*' 

Salt briquettes, for export t{i tropical countries, are being 
made in Austria by the Miiller prees. At the Aussee salt mine 
a plant was lately installed to turn out in 24 hoars 40,000 to 
45,000 briquettes, weighing 2 pounds each and containi:^ not 
more than 1% of moi»ture. The process consists in subjectangr 
loose salt to a hydraulic pressure of 200 atmospheres.^* 
The Ballcan PeDinsula. 

GEOLOGICAL OCCUBR&NOB. 

The Miocene salt deposits which are mined in Transylvania 
and Qalieia continue along the eastern and southern slopes of 
the Carpathians and form a. rich salt zone in Roumania."* (Se* 
Plate XLIX.) Thus the Carpathians are completely encircled 
with saliferous strata. But no rock salt has been discovered 
on the Balkan Peninsula south of the Danube except in Albania, 
in western Turkey, and in the southern part of the peninsula 
salt is obtained only by the evaporation of sea water and brines. 

ROUMANIA. 

In Roumania in addition to the Miocene salt there are deposits 
in the Upper Eocene, the Middle and Lower Oligocene and some 
which appear to be Pliocene. 

The salt area is characterized by encrustations of salt in the 
river channels ; by brine and sulphur springs and by masses of 
salt which form hills. -The whole region is extremely sterile. 

Lower Tertiary Salt. — Theee beds follow the Carpathians from 
Bukowina io the Dimbovita Hiver and then reappear in the val- 
leys of the Arges and the OU and form several isolated patches 
westward towards the Danube, {See Plate XLIX.) The salt 
occurs in various horizons but principally in the Middle and 
Lower Oligocene. It is generally found in gray, clayey marls 
along anticlinal folds. A series of salt masses extends from 
Tii^Ti-Ocna southward. The mass of salt at Tii^-Ocna is flie 
most important and the on^ d^osit of the older Tertiary salt 
mined in Roumania. The salt is characterized by a very small 
proportion of gypaum. 



.coy Google 



Rock Sai/t. 183 

Middle Tertiary Salt.. — The Miocene or Middle Tertiary zoae 
of salt also extends from Bukowina to the Dimbovita and from 
there on intenrnptedly to the valley of the Olteto. In the north- 
eastern part of RoTunania the Miocene salt beds form the foot- 
hUls of the Carpathians and the older Tertiary salt beds are par- 
allel but in the high mountains. The Miocene strata are mado 
up of conglomerates, sandstone, marls, gypsnm and a dacitio 
tnfi (palla). 

No fcffisils have been found except some fragments of wood in 
the aalt and leaf imprints in the sandstones. 

The richest salt region is south of the TrotuB River. The 
lai^est salt masses are those of Slanic and Ocnele-Mari. 

Late Tertiary Salt. — Many of the deposits thought to be late 
Tertiary, Professor Mra^ec has found to be overthmst faolts of 
Miocene beds. Others which seem really to be late Miocene and 
early Pliocene have been found by oil borings in the District o£ 
Prahova and at other localities. These salt deposits are chiefly of 
interest from their close relation to the petroleum. 

The Salt Masses — Although there are many beds of aalt in 
Boumania only the aalt masses are of economic use, as they can 
be so much more easily exploited. The exact depth is not 
known of any of these salt masses and estimates of their size are 
approximate, bat the mass at Ocnele-Mari is thought to be some 
330,000,000 metric tons and that at Tirgu-Ocna 264,000,000 tons. 
More than 50 of these salt masses are known, of which the greater 
number lie near the curve of the Carpathians. 

The stratification of the salt is clearly marked by the alterna- 
tion of white and grey or blackish beds. This -dark color is due 
1» the admixture of a very fine clay, probably of seolian origin. 
Amber is sometimes found in the salt. 

Mining. — Of the 50 salt masses known in Eoumariia only four 
are mined. 

The salt was formerly mined out in bell-shaped chambers. 
In 1852, galleries were first made, and the mines are now well 
equipped with machinery ard appliances. 

The salt ts cut into blocks weighing 20 to 240 pounds, of which 
the more compact are exported. ■ ■ 
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Bock salt is ground for Dse in the fiaheries, and at Tii^-Ocoa 
the ground salt is moistmed wit^ water and moulded into cones 
which on pressure of the hand fall into powder. 

In 1903, 90,000 metric tons of salt were produced in Bomna- 
iiia.^« 

Boumanian salt is exported to Servia, Bulgaria and Russia, 
the largest mount being shipped to Servia.''' 
BULGARIA. 

Sea salt is made in many salteras at Anchialos on the south* 
em shores of a large salt lagoon. The product is a grayish salt. 
The saline of Anehialos produces 10,000 to 15,000 metric torn 
annually. 

The internal revenue tax is 6 lews per 100 okka ($1.20 per 
250 pounds). 

SKRVIA. 

Servia is supplied with salt from the neighboring states. 

MONTENEGRO. 

Domestic salt, made in the sea salines on the Adriatic at Anti- 
van, is largely used in Servia. 



Sea salt is made along the Grecian coast and salt is also made 
from brine springs. 

There are salines, on the western coast, in the canal between 
the island of St. Maura and Greece proper where salt is produced 
in lai^ quantities. Sea salt is also made on the Island of Crete. 

The most important of the springs is at the Adeposos on the 
Island of Euboea.^ There are also springs at Methana, the 
Island of Mil(» and other localities. The warm brine spring at 
Thermopylffi were used in ancient times as baths. 

The salt industry has been a state monopoly since 1833- 

The production in 1900^" was 23,079 metric tons valued at 
$351,700, and in 1904 the output increased to 27,000 tons.*** f 



m Rothwell. Mill. Ina., 1903, p. 31t. 

IX Furer, SalibersbAu, pp. EgE-ISfl. 

MT Communicated by Prof. Metsopuloa of the University of Ath- 
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The Russian Empire. 
European Russia. 

GENERAL IMPORTANCE. 

The salt wealth of Russia is mmsualiy large. AU Europe 
could be supplied with salt from Russia alone. Yet the Russian 
mines are not fully developed and salt is still imported. 

Salt in Russia is obtained from sea water, salines, salt lakes 
and rock salt deposits. 

SEA SALT. 

Near Odessa, on the shores of the Black Sea, salt is obtained 
by the evaporation of sea water. 

In northern Russia and parts of Siberia salt is made from 
the sea water by the freezing method. This consists in subject- 
ing the water to a temperature some degrees below the freezing 
point by which it is resolved into pure water, which is removed 
as ice, and partly into brine, which remains liquid and is highly 
saline as a result of concentration. This process is repeated until 
the maximum salinity is reached. Salt is then easily obtained 
by slight evaporation. 

Salt made by the freezing niethod is, however, always impure 
and may contain as much as 15% of sulphate of soda and also 
chlorides of magnesium and aluminum. Lime is added to avoid 
the formation of soda and to precipitate the other minerals, but 
even so, salt made in this manner is injurious to health and 
difficult to preserve because of its deliquescent character. 

SALINES. 

There are many salines in Russia, most of which obtain brine 
from bore holes. 

In the Province of Perm salt is made from brines from Upper 
Permian (Zeehstein) beds at Ussoli, Leuvensk, Dediuhine, Berea- 
insk, and Solikamsk, along the Kama River. Many of these 
salines have been in operation since the sixth century. In the 
Province of Volgoda there are salines at Ledenzsk, Totemsk and 
Seregovak, which also have their source in saliferous Upper 
Permian strata.* 

) 
UB KruBch, P., Zeltschr, (ur prakt. Geologic, 1907. pp. 381-288, 
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In the ProviDce of Arehangei salt is obtained from the Devo- 
nian in the salines of Yladitchensk, Ouak and Loadsk, where 
gypsum and naphtha occur with the salt.^ There are also De- 
vonian salines at Senoska, on* the 'White Sea, and in the Prov- 
ince of Nijni-Novogorod, where there are eight salines. 

In the Province of Charkow there are 20 salines. 

In south Knssia, near Bakhmut, the large Skaramanga saline 
was opened in 1872. 

SALT LAKES. 

In Astrakhan there are 1,200 salt swamps and 700 salt lakes.^ 
The salinity of the region is so great that in the neighborhood of 
the lakes a salt dew falls. Elton Lake is the lai^est (See Plate 
LIV.) Its bed is covered with a salt deposit of unknown depth. 
The name is thought to be a corruption of the Kalmuck name 
Altanor, the golden Lake, from the yellow lustre of the surface 
of salt at sonset. In 150 years more than 9,000,000 tons have 
been taken out without making any apparent diminution. Only 
the under salt beds are used, as the upper, recent beds are bitter. 

Lake Baskuntscliak has of late become more important in the 
production of salt than Elton Lake, because since 1882 it has 
been connected by a railroad with the Volga River. This lake 
furnishes 15% of the total salt production of Russia, namely, 
45,920 tons. The sea floor, which is dry except in spring, is 
covered with three salt beds with a total depth of 177 feet, of 
which the upper 82 have been qnarried by blasting.-*** The salt 
is used chiefly in the Volga and Caspian Sea fisheries. ■ 

Salt is obtained from 23 other salt lakes in Astrakhan. 

Mud Volcanoes. — In the Crimea there are mud volcanoea 
which eject borax as a product of eruption from the saline beds 
beneath.'** In the analysis prior to 1896 borax was not found, 

7B-81. 

but it has been present ever since. The craters of these mud vol- 
canoes are 200 to 1,000 feet high and sometimes 700 feet in diam- 
eter.'W 

HI FuchB and De Iiaunay, Tralt« des Gitea Mlneaux, pp. G19-EI0. 

IV Purer, Salebergbau, p. 27S. 

m Tralte des Ottes Utn., 620. 

W Vernadsky and Popoft- Zell»ichr. fur prakt, Oeol.. 1892. pp. 

m Koechkull. apol. Mag;., vol. 6, 1SS9. p. 121. 
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BOCK SAUT. 

There are several lesser rock salt areas in northern and cen< 
tral Russia. One of these extends interruptedly from the Island 
of Osel, in the Baltic, through Livonia to Lake Ilmen, where it 
gives rise to the Star Russia springs. Another follows the Volga 
from Tver to Kasan and a third lies along the Kama and is the 
source of the brines operated in the salines of Perm. 

But the great salt wealth of Russia lies in the southeastern 
and southern parts of the empire, in the provinces of Orenberg 
and Astrakhan and in the Donetz Valley at Bakhmut. (See 
Plate LIV.) 

Orenberg. — In the Province of Orenbei^ one of the lai^^t 
deposits of salt in the world is at Iletzkaia-Zachtita, 40 miles 
south of the city of Orenberg. It is very near the Asiatie 
boundary.'** 

The area of the salt deposit is estimated at one square mile. 
The depth has been found by boring to exceed 500 feet. At that 
point the boring was stopped on account of the extreme hardness 
of the salt: Through the entire depth there was pure rock salt, 
with very rare and thin beds of gypsum and red clay.'*' The ' 
surface is simply scraped to remove the dirt and the salt is then 
marked out like ice for cutting. The deposit contains more than 
150,000,000 tons of salt.«» 

Kirghiz Steppes. — In the Province of Astrakhan, along the 
lower Volga, there are the remarkable salt deposits of the west- 
em Kirghiz Steppes. The steppes are covered with the reddish, 
sandy, gypsiferous marls which contain recent shells such as 
are now found in the neighboring Black and Caspian seas. Salt 
rain is said to fall in the neighborhood of the Caspian Sea, 
although its waters are much less salty than those of the British 
Channel.'^* The district is exertmely sterile and very sparsely 
inhabited. The salt occurs in irregular masses. It is mined in 
open quarries by side cutting, and the lozenge-ehaped blocks are 

Itf Eng. and Uln. Jour., March 7, 190S, p. 371. 

If Harper's Magazine, vol. 76, 1888, pp. 904-910. 

I*« P. Krusch, "Nutzbaren Lagerstatten Russlands." Zeltschr, fur 
prakt. GeoloKle, 1897, pp. 281-383. 

W Strangwaya, "Geology of Russia," Trans. Oeol. Soc. London, 
Id ser.. vol. 1, 1834, p. 37. 



3U 



.coy Google 



188 La. Geological Survey, Bullestin 7 — ^Rkpobt of 1907. 

then jarred loose and dislodged with heavy beams of wood. The 
salt is 80 pure that it is simply pouoded up for use and needs 
no further preparation, 

Bakhmut. — In the Donetz River valley, in south Russia, gait 
is found at Bakhmut and in other localities. The salt all lies 
in a Permian trough. The formation consists of yellow clays, 
and clayey marls, with dolomite beds. The clays contain gypsum, 
anhydrite, and rock s«lt. 

At Bakhmut borings have been made passing through nine 
salt layers with a combined thickness of about 328 feet.^ The 
upper two are thought to belong to the Upper Permian. wb4le the 
seven lower beds, which are in the dolomite horizon, belong to 
the Lower Permian. 

The salt industry at Bakhmut was begun only in 1876 and 
in 1893 the production was 81% of the total rock salt produc- 
tion, namely, 237,914 metric tons. 

It is quite probable that the salt deposit of Bakhmut divides 
about 10 versts north of the city, one part going east toward 
Donetz, the other, which has been traced by boringa, following a 
westerly course.'*' 

Caucasus Mountains. — In the Caucasus Mountains there are 
extensive rock salt deposits of Tertiary age. Very ancient work- 
ings have been found, and in them Koschkull'" discovered hun- 
dreds" of stone implements which evidently had been used as 
mining tools. 

Transcaucasia.- — In Transcaucasia there are rock salt deposits 
at Kulp, Nakhitschewan, Sustinsk, Eagysmao, Olti and Ordubad. 

Salt ia also made by the evaporation of the water of the salt 
lakes in the Caucasus. 



IK Hacco. "Excursion nach den Donetzbecbea," Zeltechr, fur 
prakt. Oeologie, pp. 134-lBG. 

ISl A. Monseau. "la. formation permlenne datie le Bassin dn 
Dunets," Rev- Univ, dea Mines, 3d Bsr., vol. 41, pp. 1ES-19E. 

jn "Qeol. Notes on the Caucasus," Oeol. Mag., vol. t, lSt9, p- IIL 
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Asiatic R u s s i a.w*--»* 

BOUBCES OP SALT SOPPLT. 

The salt produced in Russia's Asiatic possesaiona is derived 
priDcipally from numerous salt lakes, in which the Province of 
Omsk and the Transcaapian district are especially rich (See 
Plate LIV.) 

There are many rock salt depoEits in south central Asia and in 
the Province of Yakutsk which might afford a large source of 
supply, but they are very often in outlying districts, where th& 
markets are distant and transportation difficult, so that the- 
amount produced in them is aa yet smalt. 

Salt is also made by the artificial evaporation of brine princi- 
pally in eastern Siberia, especially in the provinces of Irkutsk 
and Yeneseisk. 

The average production for Central Asia between 1894 and 
1903 was 86,447 metric tons per anntun. The yearly average for 
Siberia and Amur in the same time was 30,850 tons. Thas the- 
total yearly average for all Asiatic Russia from 1894 to 1903 is 
117,297 tons. 

THB TBANSCA8PIAN DISTMC!T. 

Lying along the shores of the Caspian and on the exten8iv& 
steppes to the eastward are a number of salt lakea, many of which 
are salt producers. Salt is also obtained from Karabugaa Bay, 
in the Caspian Sea. Several rock salt deposits are found, one of 
which produces more than one-half of the total output of the 
district. 

SALT LAKBa 

Among the most productive salt lakes east of the shores of the- 
Caspian are Batyr, Karakul and Kanndy lakea ; Kuli and Kar- 
ababa lakes, near Krasnovodsk; a lake near Merv iu which ft 
four-inch layer of salt is worked by the native tribes ; a lake on 
the TJsbo] River (the old bed of the Oxus), on the Transcaapian 
Rftilroad ; a number of lakes in the Turcoman desert and shallow 

us For a complete account of salt In Astatic Russia aee Das Sail, 
von Buschman, pt. 2, 1906, pp. 118-142. 

m Zellachr, fur prakt. Geologle, vol. B. 1897. pp. 282, 388; vol. 7, 
1899, p. GG; vol. 2, ISM, p. 8»; vol. 11, 1903, pp. 33, 401-41S, vrltb map; 
v<il, 13, 1906, p. 66 . 

iss Rec. Geol. Surv. India, vol. 20. p. 100. 
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lakes northwest of Akrobot froni which salt was fonnerl}r ob- 
tained by the Turcomen. 

KABABUOAS BAY."*-'" 

An important deposit of sodium snlphate is formed under the 
waters of this shallow bay. The sheet of water, which k nearly 
6,600 square miles in area, is not more than 50 feet in depth 
at its deepest point and is connected with the Caspian by a very 
narrow neck of water. The dry climate and prevailinif dry winds 
cause a very great loss of water by evaporation in the h&j and 
this is replaced by a constant in-flow of water from the Caspian 
Sea. The water is concentrated in this way from 1°.S to 2°.2 
Beaume. Baer has estimated that 350,000 tons of salts are car- 
ried into the bay from the Caapian every day. The ratio of 
sodium chloride to magnesium sulphate in tke Caspian is very 
high, being 2.1. When brine of such chemical composition ia 
concentrated a reaction takes place resulting in the formation of 
NajSOj and MgCL,. At a temperature of 0" C. a 5% solution 
of Na,S04 will precipitate, while AfgCLj is more soluble than 
Na^SO^ will precipitate, while MgCl, is more soluble than 
deposited in the middle of the bay where the concentration is 
greatest. More salt is depositf'd in winter when the water freezes 
than during the summer. The deposit, which is over a foot 
thick, overlies a more extensive bed of gypsum and is estimated 
to be 1,350 square miles in area, and to contain one billion metrio 
tons of salt. 

EOCK SAW. 

The most important deposits of rock salt in the Transcagpian 
district are found on Cheleken Island in the Caspian Sea, and at 
Balla Igshem on the Transcaspian Railroad. 

Cheleken Island. — The salt on this island lies at a depth of 
one to four feet from the surface and is overlain by a layer of 
white sand. The amount of salt is estimated at 328,000 tons, of 
which 75% is a pure, white salt. 

The production from this island between 1890 and 1898 varied 
from 8,177 to 17,112 tons. 

as ZeitMshr. fur prakt. Owl., vol. E .1897, pp. J8!, >«S; vol. (, ISM, 
pp. 2<-27: vol. 11, IMJ, p. 81. 

m L« Bel, Larba1etri«r, 1900, pp. SI, 12. 
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B(dla Igshem. — This deposit covers a little more than 13 square 
miles and is estimated to contaio 3,603,600 tons of salt. In 1897, 
334 tons were prodnced. 

TURSESTAN, BOKHARA AND KHIVA. 

£Mva and the northern and eastern portion of the Transoas- 
pian district forin part of a great steppe of which the surface soil 
contains a large proportion of salt, and the soil in northern 'Bdk' 
hara is of a similar nature. There are few salt lakes in this re- 
gion, but a great many roek salt deposits occur. 

SALT LAKBa 

Near the city of Bokhara there are salt lakes, but no salt is 
produced from them. There are several on the Pamir pTatoao, 
of which the largest, Lake Karakul, lies some 13,100 feet above 
the sea. Salt is obtained from lakes in Ferghana, Smarka>id and 
Sjn* Dana. 

ROCK SALT. 

Province of Bokhara. — Southeast of the city of Bokhara, on 
the right bank of the Amu Daria River and two miles from it. 
is a bed of rock salt five miles long. The salt is worked though 
black and is of poor quality. Thick beds of salt are 
found b^ond Shurab, overlying red clays and rock salt is mined 
near the town of Hissar. Other extensive deposits occur in the 
mountains of southern and eastern Bokhara. A deposit is also 
reported about 40 miles north of Kwaja Salar, and in 1888 rock 
Bait was discovered in Fei^hana, 220 miles from Smarkand, The 
latter is estimated to contain 3,276,000 tons of a very pure salt, 
but the distance from inhabited regions and lines of travel has 
prevented its systematic development. 

Central Oovemment of Omsk. — This area, containing the dis- 
tricts of Turgai, Uralsk, Amolinsk, and Semipolatinak, includes 
the eastern part of the great Kirghiz Steppes, on which numeroos 
small lakes are found. The surface soil is made up of oalcerous, 
oligoclase sands. 

A number of the lakes in the northern portion of this part ol 
the steppes are fresh water, bnt the proportion of salt lakes in- 
creases towards the south, where some contain water only dntii^ 
the rainy season. In all there are some 700 brackish ani^ salt 
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lakes in this province, and all the salt produced is derived en- 
tirely from them. Some of these lakes furnish a very pare so- 
dium chloride, while others contain a mixture of various salts, 
and a few produce sodium sulphate almost entirely. 

Three of the most important lakes are owned by the govern- 
ment. The first of these lies about twelve miles north of Pavlo- 
dar, on the Irtysh River. 

The second lake belonging to the govemmeajt is also north of 
Pavlodar and the third near Scmipalatinsk. 

Salt from Lake Inderkish is supplied from a small brook only 
six feet wide and about a foot and a half deep, which carries 
600,000 tons of salt into the lake every year. 

The salt obtained from this and neighboring salt lakes is used 
to cure fish in the Ural fisheries. 

In all these lakes the salt is removed from the bottom and 
dragged to shore, where it is. thrown into heaps and washed or 
simply left to dry. The more soluble potassium salts drain off 
and the sand drops off when the salt is dry. It is then ready for 
shipment. The salt near the Irtysh River is transported to 
boats in two-wheeled carts drawn by horses or camels. 

According to official figures the average production in the cen- 
tral government of Omsk from 1894 to 1903 has been 44,000 tons 
per year. 

SIBERU. 
WEST SIBERIA. 

In the district of Barnaul in southern Tomsk, salt is obtained 
from two groups of salt lakes, the Borovaia and the Bnrlinsk, 
which include about forty lakes. 

Between 1894 and 1903 the production of salt in westers 
Siberia averaged 18,000 tons a year. 

EAST SIBEBIA. 

Salt is obtained in southern Teneaeisk from various lakes 
and brine springs. The lake beds are in Devonian roekg and the 
brines flow partly from the Devonian and partly from the 
Cambro-Silurian. 

Brine Springs. — ^Near Kansk are the salines of Tumanchelakiy 
and Troizky. At the former brine of 4.5° Baamfi is obtained 
from 19-foot wells. 
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8fdt Lakes. — Salt is produced from Lakes Altai, Kisil Kul and 
Beisk, which lie on the steppe between the Yenesei River and ita 
tributary, the Beja. 

Lake Altai. — This circular lake, 3,000 feet in diameter, con- 
tains a layer of very hard salt about nine inches thick. The 
water of the lake is rich in sodium sulphate, so that common 
salt is made only in autumn and winter, when a great deal of 
the sodium sulphate separates out on account of the low tem- 
perature of the water. Part of the bottom crust, somewhat 
decomposed, washes ont on shore and is gathered and sold to the 
glass factories. 

Lake Kisul £^ui.^This lake is southeast of Lake Altai and 
about 37 miles from Minussinsk. Its bed is extremely shallow 
and only partly covered with water. The salt is manufactuerd 
from a brine obtained from five 33-foot wells on its outer edores. 
The work of evaporating the brine in large iron pars or kettles 
goes on throughout the year. Lately the production has been 
1,500 tons a year. The brines from the different wells have the 
same chemical composition and register from 9° to 12° Beaume. 
The following is an analysis of the brine : 
Taste— Very salty and a little bitter. 

Color — Fresh from ground, yellowish or milky; later clear. 
Spec. Gr. at 15° C, 1.0858. 
Chemical composition (in 1,000 parts of water) : 

Magnesium chloride 0091 

Calcium carbonate 2595 

Calcium sulphate 2.1704 

Magnesium sulphate i0.0189 

Potassium sulphate 8307 

Sodium sulphate 8.6267 

Sodium chloride 86.5800 

Sodium carbonate 1364 

Ferric oxide 0022 

Anhydride of silica 0450 

Ammonia Trace 

Lithium Trace 

Lake Beisk.— This lake is t«n miles northwest of Kisul Kul 
Jjake and is about 3,000 feet long and half that in width. Iti 
waters contain a very Urge proportion of wdimn snlphato 
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(Na^SOj), and salt can be made during the cold season. In dry 
years as much as 983 tons have been produced from thia lake. 

In 1897, Lakes Altai, Kisnl Kul and Beisk produced together 
1,980 tons of salt. 

A bed of rock salt is said to occur at Isankaef, southwest of 
Krasnoyarsk. 

Province of Irkutsk. — In this province all the salt is made 
from brines derived from lower Devonian beds. There are three 
salines. One is at Ussolje, on the left bank of the Angara, about 
50 miles from the city of Irkutsk, with one well nearly 1,000 
feet deep and several from 13 to 35 feet deep. The second is nt 
Ustkutsk, on the Knta River, about two miles from where it joins 
the Lena. The third saline is at Ilimsk, on the lima River, 

In some of these salines the brine is concentrated in the winter 
by the freezing method. 

From 1894 to 1903 the brine springs of the province of Irk- 
utsk produced 7,800 tons of salt per annum. 

Province of Yafcw(sfc.-— Important rock salt deposits occur near 
Viliuisk, in the Province of Yakutsk. The region is, however, 
so remote and thinly populated that the beds have not &s yet 
been developed to any extent. 

The largest of the outcrops, 1,050 feet long and 350 feet wide, 
is on the right bank of the Kempdei River. 

Provinces of Transbaikalia and Amur. — Salt is made in these 
provinces from a few salt lakes and from sea water along the 
shores of the Sea of Okhotsk. 

Lake Borzinsky produces annually 2,460 to 3,280 tons, and a 
very pure salt, 99.73% sodium chloride, is obtained from Iiake 
Wirsan, At Selenginak, south of Lake Baikal, 66 to 115 tons 
are produced, and at Kiransk, near the Chinese border, 328 tons 
are made from brine wells in the bottoms of salt lakes. 

■ Along the shores of the Sea of Okhotsk flakes of sea ice are 
blown on land. The wafer separates out by evaporation and a 
Ueoosit of salt known as rassol is left, which is scraped up by 



.coy Google 



Rock Sai/t. 195 

the fishenueQ. Rassol is composed of: 

Sodium chloride 77.60 

Sodium sulphate 13.60 

Aluminum chloride 6,23 

Calcium chloride .94 

Magnesiimfi chloride ,. . 1.66 

It is whitish in color, of a bitter taste, and has strong medie- 
inal qualities. The fishermen on the coast very seldom use any 
other salt. Indeed, there is no supply of salt in the far north- 
eastern region except this sea salt. 

The natives in Kamchatka, Okhotsk and Markova use salt for 
preserving fish, but do not take any salt otherwise with their 
food. 

IMPORTATION AND EXPORTATION. 

The total production of salt in the Russian Empire in 1903 was 
1,828,646 short tons, valued at $3,652,074.'^ 
Japan.'^ 

Japan's salt production comes mainly from sea water. Brine 
springs from which small quantities are made occur at several 
localities. According to Fiirer there are also rock salt mines in 
Japan. He states that the most important are in the provinces 
of Iwashiro and Bchigo. 

BEA SAI/T. 

Sea salt is made along the coast of aU the larger islands, espe- 
cially on the Island of Hondu on the shores west of the city of 
Kobe, and on the southern island of Formosa. 

As a rule the sand method is used on the salt farms. That 
is, the floor of the saltern is made perfectly level and covered 
with an even layer of clay that is packed down and covered with 
a thick bed of coarse sand, which is kept loose by frequent rak- 
ing. The sand is irrigated with sea water, led into the saltern 
through narrow ditches, and after this evaporates the process 
is repeated until the sand has become thoroughly saturated with 
salt. The sand is then put in filters, sea water is poured on 
and the brine which filters through is evaporated in pans over 
feharcoal fires. The salt so made is grayish and contains 8% to 
12% of water and only 80% to 90% of sodium chloride. Both 

ISS MIn. Res. of the U. S. for 1906. Advance chapter on Salt by 
A. T, Ooons. p. H. 

K9 Von Buschman, Daa Salz, pt. 2. pp. SS-lOt. 
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Japanese and Chinese salt is very inferior to the sea salt of tlie 
Adriatic. 

In some salterns salt is made by the direct evaporation of sea 
water is the sun and wind. At Nagasaka 990 metric tons are 
made by one company per year direct by evaporation, and this 
salt is of a better grade. 

More than 100,000 persona are employed in the sea salines of 
Japan exclusive of Formosa. 

A great deal of sea salt is made along the western coast of 
Formosa, as almost all its 190 miles of shore are suited to that 
industry. There were 1,250 salt farms on the island in 1903, cov- 
ering some 80,000 acres, but it is estimated that 500,000 acres 
might be used for salt making. Two systems are used — the old, 
which is very like the sand method used on the other island, and 
the new, in which each farm has two evaporating pans and one 
crystallizing pan, all having marl or clay bottoms. Only four 
or five men are required to operate a farm and each laborer 
produces on an averse of 11 tons of salt. The working season 
asts from 140 to 250 days a year. 

The output as given below is for the season from May to 
March: 

1899-1900 1900-1901 1901-1902 1902-1903 

11,038 35,287 50,000 61,923 

Analyses of sea salt from three localities in Formosa are given 
below : 

1. 2. 3. 

Sodium chloride 95.779 90.180 97.100 

Potassium chloride trace trace trace 

Magnesium chloride trace 1.452 1.205 

Magnesium sulphate 123 .678 .000 

Calcium sulphate 116 3.681 .076 

Calcium chloride 000 .000 .357 

Insoluble 4.600 3.490 .794 

BaiNE Salt. 

The most productive brine springs are at Takashima-Mura 

vSagaken), where the government has established steam pumps 

J raise the brine. About 29,870 bushels are produced yearly. 
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PRODUCTION. 

Japan produced 773,776 short tons of salt in 1904, valued al 
$1,852,049. 

By aa act passed in June, 1905, the salt industry became a 
government monopoly and all salt produced is delivered to the 
government at a fbced price. The salt is of five grades, ranging 
from over 90% to 75% sodium chloride. No salt with a lower 
percentage is accepted. 

IMPORTATION AND EXPORTATION. 

The policy now is to discourage the importation of salt and 
only the government or persona directly authorized are allowed 
to import it. The production in 1905 was so low on account of 
the war, that salt had to be brought in from China. 

Salt is exported from Japan chiefly to Siberia and Korea, and 
in smaller quantities to the Philippines and Australia. 
Philippine Islands. '*"'*' 

Rock salt deposits and brine springs occur in the Philippines, 
but, as one would expect, most of the salt is made from sea water. 
Glauber salt is said to be made by crude processes on the islanda. 

BOCK SALT, 

On the island of Luzon rock salt occurs in the mountains of 
Blanco and Bamban in Nueva Ecija Province, and at Calamba, 
in Laguna Province. In the Province of Pangasiman, northwest 
of Manila, the salt beds are so pure that the province has re- 
ceived its name from the salt industry and means "a place where 
salt is made." Rock salt is also found further south, on the 
Island of Mindanao, in the Province of Suriago. 

BRINK SALT. 

Salt is made from brine springs in northern Luzon at JIainit, 
in the Province of Bontoc. 

SF\ SALT. 

Sea salt is made in small quantities al! over the Philippine 
Islands and those of the Sulu Archipelago southwest of Minda- 
nao But the largest amounts are made in the coast towns of 
Cavite Province, south of Manila, and exported fo that city, and 

leo Van Buachman, Das Salz, pt. 2. 

Ut Textile Colorlat, Phlla., vol. 26. p, 134. 

m Becker, Philippine Commission, vol. 3, 1901, paper No. *, p. Zit. 
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sea salt is an important product of the Island of Maetan, ofE 
Opon, on the eaetem coast of Cebu. 

Since the American occupation all restrictions on the manu- 
facture of salt have been withdrawn. There are no esfimatea of 
the amount produced. 

The East Indies. 

The East Indies, like the rest of tropical Asia, depend almost 
entirely on the ocean for their salt supply. No rock salt deposits 
have been discovered except in the Porti^uese part of the Island 
of Timor. Brine springs occur on various parts of Java; in 
southeastern Sumatra (Palembang) and in western Borneo. 
SEA SAI/r. 

There are sea salines on the northeastern coast of Java and 
the Island of Madura near that shore, and on the southern coast 
of Java in the vicinity of Surakarta. Sea salt is made on 
Sumatra in the northwestern part, near Achim; on the islands 
along the western coast and off the eastern coast on the group of 
small islands southeast of Singapore. On Celebes there are sea 
salines in the north, near Menado, and in the south near 



BRINES AND MUD VOLCANOES. 

On the Island of Java salt is also made from brine springs, 
which flow from Miocene beds and usually contain iodine and 
bromide salts, as well as sodium chloride. Many of these brines 
contain petroleum and gas. The most striking are those of 
Groboctan, northeast of the city of Samarang, in north central 
Java. According to Karsten, the brines which are associated 
with mud volcanoes are in a limestone formation that forms a 
circular plain half a mile in extent. The brine springs occur 
in large numbers and broil from fissures in the rocks. The 
water is strongly saline and gives very good salt on evaporation. 
In the center of the limestone region is a remarkable volcanic 
phenomenon. On approaching this from a distance one sees a 
dense cloud of steam that at intervals of several seconds rises 
and then disappears. This is accompanied by a roar like distant 
thunder. Nearer by one perceives a hemispherical mass about 
16 feet in diameter, composed of black mud saturated with salt 

Jes Vrm BuHchman, Das Salz, vol. 2, pp. lOT-llT. 
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water. This mass is regularly raised to a height of 30 feet by 
an undei^roimd force and then explodes with a deafening roar 
and globular masses of the black mud are thrown in every direc- 
tioD. After an interval of two to four seconds the mass of mud 
is again raised and again torn to pieces by an explosion. For 
many years the natives have obtained salt by evaporating the 
brines ejected by these mud volcanoes. The salt water is led 
away in ditches to the outskirts of the region and is then evapr 
orated. Some 200 metric tons are made annually. 

Small mud volcanoes with pools of salt water are also found on 
Ceram, one of the Spice Islands. 

Production, 

Salt making is a government monopoly in the greater part at 
the Dutch East Indies and is forbidden to private persons in all 
districts under the contml of this monopoly except Grobogane in 
Java and on Madnra, On the latter island there are three sa-' 
lines along the southern coftst which are tfwned by the natires, 
who deliver their salt to the government at a fixed price ($2,39 
per ton). The salt is gray, coarse and highly hygroscopic. It 
contains 5-6% of water and has to lie three or fonr years before 
it is fit for transportation, and even then the \oss due to handlinff 
is great. To facilitate transportation, since 1891, a great deal 
of the salt has been packed in the form of dense briquettes cov- 
ered with waxed paper. The briquettes weigh from one-third 
of a pound to 27 pounds and are easily handled, butthey de- 
teriorate with time. Madura produces an average of 83,398 
metric tons of salt yearly. 

The Qrobogan brines are worked by natives, who pay a tax 
of 20 per cent of their income for the privilege. Th^ are not 
allowed to export the salt from the district. 
CHINESE EMPIRE. 
China Proper. 

In China*** salt is made from sea water on the coast and from 
brines. The latter are obtained from springs and deep wells 
and by leaching out the salt-bearing deposits of losses in inland 



IH Von BuBChnian, Daa Balz. vol. 2, pp. 3-33, 
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SEA SALT. 

Sea salt is made in all the coast provinces of China, but espe- 
cially in Fukien, Shantung and Pechili (see Plate LIV). Ib 
Fulden the most important salines are at Fu Cbau, Changchaa 
and Changyin; in Shantung there are 2,920 salterns and on the 
Sea of Peehili there are the important salines of Tabu, This 
city and Tientsin are the great salt markets of the Yellow Sea. 
There are also large salines south of Canton at Taichan, oq die 
Island of Hainan. 

BBINB FROM WBUS. 

In the southern part of China proper brine is obtained from 
deep wells in the provinces of Sz-chuan and Yunnan, 

8z-eh«an. — Near Elating the salines are said to cover an area 
ten miles long by four or five miles wide and to have wells trout 
1,500 to 1,800 feet deep. Between the towns of Mienchan, Fann- 
ing and Hochan are the Kialiug and Tz-lin-ching salines. 

The following description is from Mr. Upcraft's intereating 
account of his visit to the Sz-ehuan mines in 1900. He says that 
the salt wells of Sz-ehuan are one of the sights as well as one of 
the important indnstries of the province. After journeyii^ 
many days on an uncouth-lookiug houseboat through the wild 
gorges and canyons of the upper Yangtze one reaches a more or 
less open country and the traveler catches sight of a group of 
straw shanties along the river's cige, over which a cloud of 
steam is always hovering. This is the first indication of the 
salt trade of Sz-chuan, During the high water in summer and 
autumn these salt springs are overflowing, but when the river 
subsides a mushroom town of straw shacks grows up, the evap- 
orating pans are set in rand furnaces and the woric goes on con- 
tinuously till the next high water submerges the springs and 
drives the salt boilers off. 

But a month's journey west is yet needed before the main 
seat of the salt industry is reached at Tz-lin-ching — a "self- 

1B5 "Brine and Oil Wells in Wpatern China." by J. V. Burn Mur- 
dock. Trans. Inat. Mining and Metallurgy. 1900-1901. vol. ». pp. Sfii-Stl^ 
with two plates. 

les "Chinese Mines and Miners." by A. Reld, Inst. MInint; Bngl- 
neers, vol. 23. 1901-2, p. A4. 
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■flowing wetr'^where a large and thriving but squalid town ex- 
ists because of salt wells. How and when these springs were 
discovered the Chinese do not say. They have existed for a long 
time and become a part of the things that are. 

At Tz-Iin-ching the well proper is a small opening of a few 
inches in diameter, over which a atone is placed, covering the 
true mouth of the well. Above this rists a crude derrick with 
« clumsy, clattering wheel at the top ; a hamper rope passes over 
tiie wheel and is attached to a long bamboo tube that goes down 
into the well. The other end of the rope is carried into an ad- 
joining shed and attached to a heavy wooden cylinder SO or 60 
feet in circumference, resting on a vertical axis. AVhen the tuIie 
has been lowered into the well four lumbering water buffaloes 
are hitched to the cylinder and lashed to a run. the cylinder is 
started, and soon the rope is all wound in, leaving the bamboo 
tube fllled with brine dangling in the air. A man seizes the 
"tube, holds its lower end over a tub or reservoir, thrusts an iron 
pole into the tube and opens a valve, when several gallons of 
dirty black water rush out. The tube is then released, the cylin- 
der set free and the rope rapidly paid out till the tube rpaehes 
the bottom, when the process is repeated. 

The brine is conducted to the evaporating sheds through bam- 
boo tubes plastered with lime. At certain points in Tz-lin-ching 
natural gas has been struck. The gas is conducted by straw- 
braided, lirae-plastered bamboo tubes to rude sheds, where it is 
distributed under rows of thick iron pans containiust the brine 
and the work of evaporating goes on day and night, because the 
Chinese have found no way of regulating the supply of 'jas and 
no method of storage is known to them. 

The salt is a hard, dirty looking mass when taken from the 
pans, but the Chinese are proud of the product of their wells 
and assert that its power of salting is nmch greater than the 
white, foreign salt. 

The brine-bearing area lies in an anticlinal axis which trends 
northeast to southwest and covers abouti 90 sqiiare miles. 

iJ7 "The Salt WeUs of Sze Chuen, China," by W. M. UpcraSri, 
flnglneering and Mining Journal, vol. 69, ISOO. p. S25. four platea. 
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The following is a section of this field :^*' 

Feet. Feet 

Yellow Territory sandtones 125 to 328 

Jurassic beds 65ff 

Bitnminnus sprinfre, TJassie sandstone, gas springs 230- 

Variegated maris and Permian limestone with salt 

springs, 12-15 saturation 1,968> 

Silurian carbonaceous sandstones and Cambrian 
schists with salt springs, 15 to 28 saturation and 

the principal gas springs 3,050 3,068- 

Different estimates are given by authors of the depth at which 
the brine lies and the vertical distance through which it is dis- 
tributed. According to von Buschman it lies at a depth of 1,480 
to 2,360 feet. Another estimate is 500 to 3,500 feet below the 
surface. 

The life of a good brine well is said to be from 20 to 50 year* 
When a site for a salt well has been selected, after mndtk 
incantation and ceremony on the part of the hired geomanfor. 
a framework of heavy planking is built. The method of welt 
boring is then in many respects very similar to that uset" ia- 
drilling with cable tools in the United States. The boring it 
done by the percussion method, using an iron drill and hamboe 
rods. A beam suspended over a wooden framework and with 
one end attached to the rods at the head of the hole is used 
as a lever. The drill and rods are lifted and allowed to drop 
by half a dozen men stepping on a platform attaeht^d to the 
lOBg end of the beam and then stepping off simultaiieousiT' 
when it has sunk as far as it will go. The drill is turned 
meanwhile by a man at the head of the well. By this method 
wells over 3,000 feet deep have been drilled. These wells take 
from four to forly years to complete. 

The brine is led through bamboo tubes to thick iron pans, 
where it is evaporated over gas flames, the gas eomi- c from 
wells in the field. 

Two qualities of salt are produced — a loose, ra*:}!er white- 
product taken from the pan while evaporation is ^ing on, aod' 

les "Tralte dee Giles Minera.ux et Meta,lllf«reB," Fuchs ajia De- 
l.aunay, vol. 1, p. 473, Paris, 18S3. 
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a hard black eake of bitter taste, produced by eomfiete evap- 
oration of the mother liquor. 

The annual output is estimated at somewhat less than 200,000 
teas, but it must undergo considerable variation, from the dif- 
ference in the estimates given by differed authors. Tht; area 
has been worked for from 1,600 to 2,000 years. 

Province of Yunnan. — Many brine-bearing horizorw have been 



penetrated within the great Ma Chang syncline in the province 
of Yunnan."^ 

Except at Pe-Jen-Tsin in the deepest part of the syncline the 
brines are rather weak. This is probably due to local leaching. 
Deeper wells into the upper Permian which is protected by thick 
Mesozoic deposits, should give better results. 

The principal salt bearing localities are : Galin-Teheou, north- 
west of Yunnan-sen; Hetsin and Heoutsin, both northeast of 
Lang Tsin. 

At Lang Tsin the brine gathers in rectilinear chambers dug 
in the hillside. 

M9 "Etude Geologlque et Mlniere des Provinces "Jhlnolses volslnea 
du Tonkin," by M. A. I^clere, Annates des Mines, vol. xx. 1901. part 2, 
p. 446, with Geo), map and section. Review o( the above In Zeltsclir. 
fur Praktlsche Geologle, vol. 2, ie08, p. 16S. 
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At Ketsin a number o£ square shafte are used, the largest 
of which ia 300 feet deep and 6 feet 6 iacbes on the side. The 
brine is hanled out of the -shafts in buffalo hide sacks. The 
hauling is done hy a windlass and cable, the windlass being 
turned by four men at the top of the shaft. 

Shensi and Kansu Provinces. — Brine springs in Shensi produce 
a good grade of white salt and an inferior quality of red salt. 

In Kanau salt is made from brine springs near Lan-Chau. The 
brine is apparently from Carboniferoua sandstone. Salt is made 
from several small salt lakes on the western slopes of the 
Kichthof en Mountains. 

Potassium Salts. — Rieserite (MgSO,+H,0) is made bv 
leaching ont the red clays at the military station of Jutjawan 
not far from Lwi-Chau. No common salt is found in this brine. 
Charcoal and ashes are added to the liquid while it is being 
evaporated, and these substances thoroughly saturated with salt, 
form hard masses which are broken up and sold for soap. 

LOESS DEPOSITS. 

Salts are obtained from many of the interior Loess basins"* 
of the Province of Shansi, west of Pekin. 

LUTSUM LAKE. 

A better grade of salt than that obtained from the Loess 
deposits is made from Lake Lutsum in southern Shansi. Lai^e 
quantities of salt are produced from this lake. 

TIBET. 

Tibet consists for the greater part of a high plat«au about 
13,000 feet above sea level, surrounded by mountains with peaks 
20,000 to 23,000 feet high. Most of the rivers are without outlet 
to the sea and flow into salty inland lakes, which frequently 
have salt crusts along their shores and in their basins. The 
crusts vary in composition in different localities, but consist 
principally of magnesium and sodium sulphate with some sodium 
chloride, saltpeter and borax. The borax, known as Unka}. was 
early exported from Tibet and a considerable amount comes from 
there yet. Common salt is made or harvested at a great many 

™ "China," F. von Rlchthoten, vol. 1, p. 101; vol. 2, pp. 418, Hi 
41T-419. 478. 



.coy Google 



Rock Salt. 205 

of the salt lakes of Tibet. Some of the most productive are, on 
the Tsaidam desert, which lies west of Lake Kukunor. In the 
Boufhem part of this desert is a salt steppe with many salt 
basins, and in the northern part is Lake Tsaidam, which is 22 
miles in circumference. The Mongols dig shallow holes along its 
shores and obtain salt crusts after the brine has evaporated. 

Salt is made by the Chinese government from Lake Dabassun- 
nor, in the Kukunor Mountains. North of these mountains the 
Monjrols scrape up the salt crust on the floor of Lake Serkenor, 
near Karanor, and barter it for meal in the towns. 

There are many salt lakes northwest of Lhasa, one of which 
has an extensive salt plain at its western end. 

Travelers in southern Tibet often mention meeting lai^e car-' 
avans of yaks laden with salt. Some of these caravans have as 
many as 1,200 animals. A great deal of the Tibetan salt ia 
taken through the mountain passes to India. 

EAST TURKESTAN AND SONGARIA. 

In the northwestern part of East Turkestan there is said to 
be a salt mountain near the town of Maralbasbi, not far from 
the Tarim River. Salt springs occur at the western end of the 
Tarim liasin and salt lakes along its lower course. The Lopnor 
basin, into which the Tarim flows, is a salt swamp and is covered 
with a salt crust. 

MONGOLIA. 

In Mongolia the more important lakes are the Gurbunduty, 
which is about two and a half miles in circumference and has 
a salt crust from 18 inches to 2 feet thick, and the Daharati- 
Dabaasu, which lies in the lowest part of the desert of Alashan. 
This lake is about thirty miles in circumference and contains a 
layer of salt two to six feet thick on the surface of the basin. 
The salt is harvested and the thin layer on the surface, which it 
dusty, is scraped off. It is then washed in water, packed in sacks 
and transported on camel back. A camel-load is about 350 
pounds. The governor of Mongolia gets all the profits from sell- 
ing the salt and rents his camels for transporting it, taking nine- 
tenths of all the money the drivers can make. 
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MANCHURIA. 

Salt is made in large quantities from sea water oq the shores 
of the gulf of Liaotung. A erust of inferior salt is formed in 
Lakes Kulun and Per. 

Soda is found on the shores of some of the small lakes, the 
largest deposit being thirty miles from Tsitsikar. Aboat 164 
tons of soda are exported every year. 

In Manchuria the salines are leased by the government to pri- 
vate persons, who are kept under strict supervision and pay a 
fixed sum for the privilege of operating the salines. But in Mon- 
golia, East Turkestan and Tibet the government exercises no con- 
'trol over the salt output. 

SIAM AND FRENCH INDO-CHINA. 
■ In Siam many salt springs occur east of longitude 101° east, 
and north of latitude 15° north. 

Salt is made from them at Pitsanuloke, Isan, Udon, Korat and 
Nakon Nan, The salt varies considerably in composition in dif- 
ferent localities. The yearly production is about 5,379 metric 
tons. In French territory, brine springs are found between 
Bazac and Pakmoung, in red and grey quartz sandstones. 

Sea salt in much larger amounts is made in the coast provinces 
of Siam, especially at the mouths of the rivers Menam and Tats- 
ehin, in the Gulf of Siam and at Meklond, southwest of Bang- 
kok. Sea salt is also made at Hue, on the east coast of French 
Indo-China, during the dry monsoon season. The output of sea 
salt in Siam varies considerably, but averages about 52,700 tons 
a year. 

The total production of salt in Siam is about 58,100 tons a 
year. 

INDIA. 

GENERAL OCCURENCE AND IMPORTANCE. 

Of tlie salt produced in India about 6 per cent is made from 
Water, on the coast, 11 per cent from rock salt and the rest prin- 
cipally from the brine in salt lakes and springs. A small amoimt 
is also made from brine obtained by the lixivation of salty soils, 
and as a by-product in saltpeter works. 

The total production of India in 1905 was 1,336,682 short tons, 
valued at $2,198,090. 
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SEA SALT. 

Salt is made from ocean water in the presidencies of Bombay 
«iid Madras and to a lesser extent in Bengal and Burma. 

Bombay Presidency. — Salt is made in Bombay from ocean wa- 
ter at Maurypur, seven miiea west of Kal^chi, in the province of 
Sind, and in a region within thirty miles of the city of Bombay. 
The method of winning the salt is very much the same as that 
followed in the salt works of California and Aden. That is^ the 
brine passes through two outer basins before the salt is finally 
precipitated in the third basin. After precipitation the salt is 
thrown on the banks of the basin to dry, when the process is con- 
cddered complete. 

Between 1898 and 1903 the average annual output of sea salt in 
tiie Bombay Presidency, exclusive of the Maurypur saline, was 
285,312 tons {1 ton, 2,204 pounds). About 16,000 tons a year, is 
sbso made along the west coast of India in the Portuguese towns 
of Diu, Damon and Goa. 

Madras Presidency. — The numerous salines that once existed in 
Madras Presidency, along the west coast, south of Bombay, have 
«lmost all been abandoned because of the large rainfall. A few 
still remain in Travancore and Cochin. Along the east coast 
there are about eighty sea salines or "factories," as they are 
called, which cover an area of 13,800 acres. The sale is made 
as in the Bombay salines and the work is all done between April 
and October. 

Prom 1898 to 1903, the yearly average output for Madras was 
313,157 tons. In the year 1903-1904 it was 248,850 tons. 

Bangal.. .Six thousand of the 8,000 tons of sea salt was made 
at two factories on Chilka Lake, in the district of Orisso, up to 
the year 1897. 

Lower Burma. — Salt is made at several points along the coast 
of Lower Burma by boiling ocean water. 

ROCK SALT, 

Rock salt occurs in two regions in the northweateni comer of 
the Punjab. Of these the series of beds outcropping in the 
southern escarpment of the Salt Range is perhaps the moat im- 
portant : the other region lies about a score of miles to the north- 
west of the western end of the Salt Range. Beds of salt are found 
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in the State of Mandi, in the Himalayas, and there are several 
other occurrences of minor importance. 

THE SALT RANGE, "' 

Location. — This range of moimtaiDs (see Plate LV) extends 
in a general east and west direction, from 71° 30' east longitude 
to beyond 73° 30', and lies between 32° 23' and 33° 0' north lati- 
tude. It is cut off to the northwest by the valley of the Indus, 
and to tlie east and southeast by the Jhilam river. 

The southern face forms an escarpment overlooking flat, dry- 
plains. On the northern side the mountains slope gently to the 
Potwar plateau. On the eastern and western ends the range 
turns up toward the north. The average height of the range is 
about 2,000 feet, and the highest peak is 5,000 feet. 

Stratigraphy. — The mountains consist of a series of sedimen- 
tary rocks, ranging from lower Cambrian to post- Tertiary. These 
are, for the most part, conformable. Lenticular layers of trap 
from a few inches to six feet thick have been observed in a few 
localities. This is the only igneous rock in the region. 

Saline Series. — Occurring usually at the base of the formation* 
is a series of beds of red marl, gypsum and rock salt. The series 
outcrops along the southern face of the mountains for a distance 
of 134 miles. It is probably four miles wide for most of the way, 
and may be twelve in places, its thickn^s varying from 800 to 
1,500 feet. 

The salt oceura iu solid beds, which generally underlie the 
thickest development of gypsum. They alternate with browniab 
beds of kallar or impure salt. The beds are from 6 to 30 feet, 
and, in some cases, as much as 100 feet thick. At the Mayo mines, 
towards the eastern part of the range, where the thickness of the 
saline series is 1,000 feet, the roek salt is 275 feet thick, and the 
kallar another 275 feet. As far as can be made out, the beds are 
not continuous, one layer thinning out and being replaced by an- 
other. The layers of salt have been tilted and bent from the 
disturbance which they have suffered in common with the over- 
lying deposits. The dip at Wurcha, in the southwestern part of 
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part of the range ia 20° to the northwest and 70° to the west at 
KaUbagh, on the western end, jnst across the river Indus. 

The red marl, associated with the gypsum and salt, is without 
stratification and contains no organic remains. 

The gypsum appears to be formed by re-crystallization from 
anhydrite, with which it has been shown to be intimately mixed in 
specimens from several localities. 

Age and Origin of the Series. — DifEerent geologists have held 
radically different views on the origin and age of the red marl 
and its associated beds. H. B. Wynne "■ in a memoir on the Salt 
Range, written in 1878, classed them as sedimentary deposits of 
lower or pre-Cambrian age. 

C. S. Middlemiss "', in a paper published in 1891, advanced the 
theory that the series had been formed by the intrusion of a raag- 
matic scum from below, accompanied by induced changes in lime- 
stones or dolomites above. The theory was based on the occur- 
rence of the marl along the cores of folds and flexures, into which 
it appeared to be intruded, and also on the condition of dolomite 
pebbles found in the marl, which had apparently been corroded 
by their matrix, and showed all gradations from fresh dolomite 
inside to true marl. He thought the formation was of Tertiary 
age. 

. D. Oldham, "* in 1893, on the basis of later investigation on 
the origin of the gypsum particularly, favored the idea that the 
series had been formed by the metamorphosis of pre-existing sedi- 
ments of nnknown composition by ascending acid vapors or solu- 
tions. 

Methods of Working. — At Kalabagh, where the beds outcrop 
on the side of the ravine, they are worked by a number of open 
quarries.. 

At Kheura, Sardi and Wurcha, the salt is worked by drifts 
and tunnels in the side of the mountain. Salt has been mined 
here since the reign of Akbar (1500). Formerly many more 

TJt Uemolra, a«ologlcal Survey of India, voL xlv, ISTS, plates, 
maps and aecttonB. 

m Records Qeologlcal Survey of India, vol. Kxlv, 1891, plates and 

fi "The Oefflogy of India." by R. D. Oldbam, 18BS. p. HI. 
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mines were operated and lai^ caverns were excavated in an 
unsystematic way in the mountain side. The work was done en- 
tirely by hand and the mines were ill-plamied and daogerouB. 
Since 1870 all the mines but two or three have been shut do'^m, 
those now in operation being worked by modem engineering 
methods. 

The Mayo Mines. — These mines, which are situated in the Salt 
Range, at Heura, are among the most important of the salt taines 
of India. Daily 1,100 persons— fathers, wives, children — with 
their flickering lamps of vegetable oil and their hammers, pass 
into the thick darkness of the galleries and chambers, which ex- 
tend for miles into the hill. 

The salt is pink in color. Several immense chambers have been 
cleared as large as cathedrals, and in these, on show oceasioxta, 
balloons are scut slowly rising to the far-off ceiling, lighting up 
the colored walls as they go. Bengal lights add to the weird 
effect. 

Extent and Production. — A conservative estimate places the 
amount of salt in the range at ten cubic miles. The supply is, 
therefore, practically ineshaustible. The average production be- 
tween 1860 and 1871 is given as 1,291,148 maunds per annum 
(one maund equals 80 pounds), valued at 3-1 rupees, or $1.37 per 
maund. Twenty-two million cubic feet of salt are estimated to 
have been removed by mining up to the year 1870 ; 1,500,000 
tons were produced in the Mayo mines from 1870 to 1889. This 
represents 80 per cent of the total production of the range. 

Chemical Analysis. — A table is given below, showing the aver- 
age composition of four samples of commercial salt taken from 
the Mayo mines: 

Per Cent 
Earthy Matter. Trace. 

Calcium sulphate 75 

Calcium chloride 50 

Magnesium chloride 1.25 

Sodium chloride 93,00 

Water and loss 4.50 

Total 100.00 
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tains approximately 2% calcium sulphate, with 
of the alkali or magnesium chlorides or sulph 
markedly in this respect from that mined in 
where there are more of the lighter salts and 1 
phate. 

Methods of Working. — Almost all the salt is 
quarries and has been for the past twelve eenti 
instances tunnels have been driven into the hi! 
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THE TRANS-INDUS OR KOHAT SAIVT BEM3I0N.™ 

location. — The Trans-Indus region, coDtaiomg about 1,000 
square miles of country, lies a. little to the northwest of Kalabagb. 
(See Plate LV.) It extends from Sohat southwest to Banner, 
and from the Kuram river, on the west, to the Indus. 

Oeological Features.— The district is traversed by a system 
of parallel east and west anticlinal ranges, made up of a aeriea 
of Tertiary limestones, sandstones and days. The limestones are 
the defining beds of the anticlines and are underlain from above 
downwards by red elay (20-300 feet), gypsum (20-200 feet), and 
rock salt. 

Occurrence of the Bock Salt. — The salt occurs in patches 
exposed as naked cliffs on the valley sides. Because of the 
solubility of the whole series below the defining limestones, the 
extent or presence of the salt between two exposures is entirely 
a matter of conjecture. In any given exposure it is always the 
lowest rock in the series. Its depth below the surface or the 
character of the underlying rock is not know. Planes of stratifi- 
cation are well developed and are sometimes marked by thin 
clay laminae. Earthy impurities are, however, rare, and the 
salt occurs in one solid zone which is, in one instance, over 1,000 
feet thick. 

The outcrop of solid in the valley of Bahadur Khel (See 
Plate LVI) ranks with that of the Namak Mountain in Persia 
aa the most remarkable surface exposure of salt in the world. 

Composition. — Excepting the earthy laminae mentioned, the 
salt is remarkably pure. The upper few feet are often bitumin- 
ous, smelling strongly of petroleum. The mass of the salt con- 
tains approximately 2% calcium sulphate, with practically none 
of the alkali or magnesium chlorides or sulphates. It differa 
markedly in this respect from that mined in the Salt Kange, 
where there are more of the lighter salts and less calcium sul- 
phate, 

Metkods of Working. — ^Almost all the salt is worked by open 
quarries and has been for the past twelve centuries. In a few 
instances tunnels have been driven into the hillsides for about 
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50 feet. Blasting by powder is done in some quarries, while 
othen are worked entirely by band. 

Extent and Productum. — There are altogether 335 outcrops 
with a surface area of something over 3,000,000 square feet. The 
salt at Babador Ehel alone should at a yery reasonable eatiniate, 
yield 40,000,000,000 mauds or about 11,700,000,000 barrels of 
280'pounds each. Evidently then the supply from this region 
eaa also be considered ineshaustible. 

The waste per annum, dissolved and carried off by- rain water, 
is estimated at something over 200,000 barrels, with an average 
rainfall through the region of 14.19 inches. 

The yearly average output from 1898 to 1903 was 16,133 metric 
tons and 15,836 tons were produced in 1904. 

THE MANDI MINES. 

The Mandi mines are situated in the Himalayas in the State 
of Mandi, northwest of the hill station, Simla, and near the 
•oaree of the Beas River. 

The salt beds occur on the western slopes of a range of nortifa 
and south moontains which stretch from near the city of Mandi 
northward to the 32 parallel. The two mines now worked are at 
Qoma and Drang. They are controlled by natives and the salt 
is simply quarried out. The average yearly production from 
1898 to 1903 was 4.770 tons and 4,623 tons were prodaced in 
the year 1903-1904. 

MINOR LOCAUTIBS. 

According to an old report, rock salt occurs at Scardo in the 
Baltistan district of Kashmir. 

Some rock salt is produced in the Himalaya State of Bhutan 
and exported to Assam. Rock salt is mentioned as the chief 
product of Jnmla in Nepal, but no further descriptions have berai 
given. 

SALT LAKES AND BKINE SPBINOS. 

Salt is made from the brine in salt lakes or sprii^ in the 
Rajputana Agency, Bomb^- President, in Burma and to a 
lesser extent in the Pujab and Kashmir. 

Assam possesses rich brine springs in ttw Yaga Hills., }9H 
they'aW Aolbnger worked. ' ■ •' '' ■> '<■''•■' ■ -n 
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Kashmir. — There are aome salt lakes in the valley of the lodna 
Eiver in Kashmir. A small quantity (6 to 24 tons per annnm) 
of poor salt is made from them for loeal consumtion. 

Pvjab. — Salt is made from brine springs in an area 15 miles 
square at Sultanpur, southwest of Delhi. The salt is of poor 
quality and slightly bitter taste and hence the output is dimin- 
ishing. The annual average from 1898 to 1903 was 2,603 tons and 
2,836 tons were produced in 1903-1904. 

The Rajutana Agency. — There are numerous salt lakes in thia 
province. The more important salt producers are Lakes Sambhor, 
Didwana, and Fallodi. 

Sambkar Lake."" — Tbia lake lies between Jaipur and Ajmir 
and is three feet deep at its deepest point. A series of determi- 
nations of the specific gravity of its brine showed a variation 
(f from 1.03 at the end of July to 1.20 in February. 1.03 is 
approximately the q>ecific gravity of sea water, while 1.2046 is 
the specific gravity of a saturated solution of salt. 

Two sample of brine taken in December and January on 
analysis were found to yield 21.9% and 27.8% of dry residue 
respectively, of which 19.9% and 24.8% was sodium chloride, 
the rest consisting of sodium sulphate and carbonate in ihe 
proportion of four and five to one. 

DidvMna and FaUodt Lakes. — At Didwana, 38 aules northwest 
of Sambhar, salt is made from the brine obtained from shallow 
wells in a dry lake bed. The average annual production from 
this lake bed is 8,131 metric tons and from Lake Fallodi about 
2O0 tons were produced in 1896. 

Bombaig. — In tiie province of Sind salt is made from the salt 
lakes of Sarun and Dilyar and is vaed by the inhabitants of 
these digtrieta. 

Burma. — Salt has been made from brine springs in Upper 
Burma since very early times. Formerly it was used in iht 
same way as it is still used as cnrrency in Central Africa. . 

It is twenty miles long by five miles wide, and aftf r tfie rainy 
nt RscordB of the Oool Survey ot fpclla, yoL IJ, irt,^^ ^1^: 
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EARTH WORKS. 

The term "earth works" has been employed by writers on 
Indian geology for the process of salt manufaetura from saline 
soils. This method of obtaining salt was formerly very common 
in certain parts of India and Beluehistan, but the cheapening 
of the cost of transportation in the interior has brought Indian 
Bea salt and foreign salt into the market and the industry has 
almost died out ; but is still made from saliferous soils in Belu- 
ehistan, Burma and to some extent in Madras. 

In Beluehistan salt is made in earth works at Kaubirar, in the 
sontheastem State of Luz; near Kamun Mashkel, in the north- 
western State of Karan ; at Gajin, Ihall and Shoran, in the State 
of Kelat and in the Agency Territories in the Zhob and Chagai 
districts. In Burma the brine obtained from the earth works is 
boiled in earthen pots or iron cauldrons. And in Madras salt 
is gathered or made from natural residues in Panchakali, in the 
Tinevelli district on the Gulf of Manar; at Vedaraunijam, in 
the Tanjur district and at Pondraka in the Kistna district. 

SAiyrPBTEB REPCNEEIES. 

Salt is made as a product of saltpeter refineries in northern 
India and Bengal. The factories of northern India produced 
1,873 tons a year between 1898 and 1903. Those of Bengal are 
in the ditsrict of Orissa and Behar especially in Calcutta and 
itjs suburbs ; but the output is very small, amomiting in 1904 to 
only 96 tons. 



Salt is made on the Island of Ceylon"' from sea water in the 
■hallow lagoons of its northern and western coasts. There are 
DO rock salt deposits or brine springs. 

The most important salines are at Puttalam, in the northwest 
province, and Hambantota, in the southwest province. The 
yearly production is about 20,000 tons, about half of which is 
refined. 

The salt works are the property of the government' 

Tfl Voa Bulichman. Dsa Sftlz. vol. S, pp. S8-Ti. ^ - ' .. " . 



.coy Google 



AFGHANISTAN. 

There are very few records of the salt industry or the occur- 
rence of rock salt in Afghanistan. Different travelers declare 
that there is plenty of salt in the country and the Emir has 
prohibited the importation of salt to encourage its exploitation 
in its own domains. 

The Hindulmsh Mountains probably carry salt at their western 
extremity like the mountains in the neighboring territories of 
Persia and Turkestan. In the same way the Sefld Kuh range, 
of which the Trans Indus salt region in India is a prolongation, 
probably has salt deposits in its Afghanistan end. 

Many salt steppes occur in the southwest. One of them 
through which the Helmand River flows is known as the Uesht 
Registan on the eastern and the Desht-i-Margo on the western 
side of the river. The word desht means a salt desert. 

A bitter salt lake lies in a desert void of vegetation on the 
Ghilzai plateau. It is 12 feet deep and 44 miles in circumference. , 
The valley of the Amu Daria (Oxus) in Afghanish Turkestan is 
looked on as a salt producing region. 

Although some salt is smuggled into the country a considerable 
amount must be made to supply the 4,000,000 inhabitants, but 
no statistics of production exist. 

PERSIA. 
Persia''* is especially rich in deposits of rock salt which crop , 
out in all parts of the country. (See Plate LIV.) Besides rock 
salt deposits there are many salt rivers, lakes and plateaiis. The 
salt made comes principally from rock salt deposits ; the waters 
of the Persian Gulf and salt lakes. 

BAUr RIVBBS AND LAKES. 

The surface of the interior consists of a series of plateaus 
broken up or separated by mountain ranges. These mountains 
frequently carry rock salt formations and in consequence the 
streams coming from them are salty and in dry seasons deposit 
salt crustfi in their own beds or in the beds of shallow lakes or 
swamps in the plateaus. When the plateaua are inland basins 

m ^Von BufecbAan, DaB Sate. vol. 2. pp. 199-179, ^ 
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and the lakes have no outlet tliis process is of course more notice- 
able. Practically all the lai^er rivers and lakes in Persia are 
Baity to some extent, and some of the plateaus are covered with 
a salt efflorescence or rust. 

The composition and amount of salts in the rivers and lakes 
varies considerably in different localities. 

The most prodactive of the many salt lakes in which deposits 
of salt are formed are lakes Urumiah, Niris and Mamln, eoutii- 
east of Shiraz. 

Lake UrutnUih."'- ^ — This lake is the largest inland body of 
water in Persia. It is near the city of Tabriz. The lei^fth of 
the lake is 82 miles, its greatest width is 24 miles and it lies 
4,100 feet above the sea. The average depth of the lake is about 
10 feet, but in some places it is as much as 25 feet deep. It ia 
said to be diminisliing in area and in confirmation of this a ^reat 
part of its shore is now in the condition of a salt marsh. The 
water is very saline, containing up to 20% of salt. The natives 
make a bitter salt in lagoons along the shores, which is used only 
locally and sells for about half the price of rock salt. But it is 
on record that in 1854 large quantities of this salt were exported 
to the Turkish domain. 

SMVr PLATEAUS. 

The salt plateaus, or steppes, of Persia are known as Eavires, 
Some of these lie in the highest parts of the plateau regions. The 
most remarkable of all is the Sand or Salt Desert in central and 
eastern Persia. This great Kavire extends from Teharan south 
to Ispahan and thence in an easterly direction to the' borders of 
Afghanistan and covers approximately 64,000 square miles. It 
consists of a trough-like depression surrounded on all sides by 
mountains. Yegitation is scarce and salt swamps abundant. 

Kavirea are also found between Lake Niriz and Saidabad in 
central Persia; and a number of similar salt steppes occur else- 
where on some of which borax is found. 

n* W. K. Loftus, GeoL Journ., vol. 2, 1SB4, pp. 3OS-S0S, with aec- 
JM B. Helmhaoker, Ed*, and Min. JouCk.. vol. «!, tSM, p. SS,'' ,;,. 
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BOCK SALT. 

Rock salt of Miocene age is very widely distributed in Persia. 
The whole southern slope of the great Blburz Mountain sj'stem 
on the northern border of Persia carries »alt and gypstun and 
the saliferous formation extends eastward into the mountains 
of Afghanistan. The broad belt of mountains along the western 
part of Persia also contains rock salt in a great many places, 
especially along the shores of the Persian Gulf. Some very 
large deposits are found on the islands in the Straits of Ormtiz. 

The rock salt is mined chiefly in three regions ; in the north- 
west, in the province of Azebijan and from there southeast along 
the Elbnrz Mountains; in the northeast, in a number of east 
and west ridges northwest of Nishapur not far from the Russian 
boundary and in the southeast along the shores of the Persian 
Gulf. 

THE KORTHWEST RBQION.^^ '^ 

Location. — There are indications of a large salt deposit near 
the Arss River, on the Russian border. Large masses of salt 
occur at Hedjichai, near the foot of the Savellan Mountains ; 
in a small hill near the plain of Kbm about 16 miles ihwth of 
Dillman; at Sahend, south of Tabriz; west of Sotlan and at 
Duzkend. The salt-bearing formation stretches from the last 
menticwed locality northward through Mianeh and is mined at 
Maman, one day's jonmey north of Mianeh. Further south salt 
occurs in both slopes of the Kurdistan Mountains, one outcrop 
being near Lake Urumiah. Salt is also mined at Deh Neraek 
and at a number of other localities in the southern slopes of the 
Eiburz Mountains. South of Teheran a large deposit occurs west 
of Eum. 

Octmrrence. — In the salt hill of the Plain of Khoi light gray 
and blue marls are overlain by coarse-grained sandstonrs which 
are capped by red marls and red standstonea containing salt 
crystalls. The salt occurs as crystalline masses in the blue marl 

At Maman the salt lies in snmll mountain rangea and is aecoin- 
panied by thick beds of gypsum with which yellow marls and 
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variegated clays occtir. These lie in troughs of the Supra Nom- 
mulitic limestone which rests on the southwest slope of a choco- 
late and violet gray porphyritic trachyte, forming a ridge of 
the Kafilan Kuh range. The potassium salt, camallite, occurs 
as red nodules in the highest bed of salt The mineral mamanite, 
a complex potassium and magnesium salt, sometimes forms a 
filling between the camallite nodules or a thin rind over them. 
The manner of occurrence of the potassium salts is more like the 
Stassfurt deposit in Germany than like the Kalusz deposit in 
Austria. 

At Duzkend the dark limestone is overlain by red conglom- 
erate, reddish gray marl and an extensive gypsum deposit in 
which a very pure white salt occurs in large quantity. 

THE NOETHEAST RBQION.^ ^ 

Location. — Salt is mined in three places in the province of 
Khorassan : Near Sherifabad, 24 miles south of Meshed ; at the 
Abju mine, 15 miles from Nishapur and at the Turquoise mines, 
32 miles northwest of Nishapur. 

Occurrence. — The salt occurs in beds interstratiSed with thin 
layers of clay. Its a^regate thickness is given as from 400 to 
500 feet. Gypsum occurs in connection with the salt and they 
underlie red marls and conglomerates. There is an occurrence 
of white salt in one of the mines, but most of it is gray and even 
black. Schindler, writing in 1881, gives the output from the 
mines in this region as 750 metric tons a year, A record dated 
1834 tells of the government leasing out the mines for 300 toman 
($571) per year. 

Variegated sandstones and red marls enclosing gypsum appear 
all along the northern edge of the Shah Rud desert as far as 
Herat in Afghanistan. 

us Schindler, Jahrbuch der K. K. Oeologlschen Relchaansttilt, 
vol. SI, 1S81. p. ITS., 

m "Turquoise Mines of Nishapur, Khorasean," to A. Hontum 
Schindler, Hec. Geol. Survey Indliw vot 17, p. 140, , •= „ - Ml 
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PERSIAN GULF REGION.""'™" 

Disin6«(iOM.— Salt-bearing marls and elay^ occur in the 
ranges near the Persian Gulf from Bnshire to Bender Abbas at 
the Straits of Odmuz, and on the islands in the straits. 

Salt deposits are also found inland on the south side of the 
Eahur Pass between Bender Abbas and Kirman, where there are 
two beds of salt and on the road between Shiraz and Bushire. 
Salt is also found at Namak Mountain, on 'the left side of the 
River Mand, 74 miles up from its mouth. 

Natnak Mountain. — The hills of the Mand River consist of 
saliferous clays which are partly protected from the weather by 
beds of sandstone. They are of various colors and have been 
carved into many fantastic shapes by erosion. The clay carries 
from 25% to 30 %of salt. The salt mountain is an eastern spur 
of one of the ranges parallel to the coast. Its core is made up 
of chalky marls and solid limestone alternating with thin beds of 
gypsum. Its summit is 5,250 feet above the sea level. The 
whole mountain appears to be covered with a layer of salt which 
is 10 to 13 feet near the bottom and increases in thickness 
farther up, so that at 2,000 feet above the valley it is nearly 100 
feet. The upper third of the mountain appears as a solid block 
of salt which forms perpendicular, unscalable cliffs. The color 
of the salt is reddish brown or black. It has been deeply sculp- 
tured by the rain wash. The mountain is estimated to contain 
48,000,000 to 50,000,000 metric tons of salt. 

The Island of the Straits. — On the Island of Ormoz dolerites 
and trachytes are associated with the salt beds with which there 
are a few layers of inter-stratified shales and sandstones. One 
writer also mentions gypsum as occurring with the salt. The 
salt beds are much disturbed, dipping to the northeast in one 
place, while on the opposite side of the island the dip is in the 
opposite direction. The salt formation forms hills 300 to 400 
feet high. 

as "Salzvorkommen In Sud- Persian," Zeitschrlft fur Prakt. QeoU 
ojCe, voL 1, 18B3, p. 43. Review of an article by Hans Winkeltnann In 
OBterreicbe Zeitschrlft fur Berg und Huttenw., vol. iO, 1892, p. B79. 

IW 'The Salt Cavea and Mines In the Persian Gulf," Journal of 
the Society of Arts, vol. 29, ISBO-Sl, p. 7!B, ;■ '■ 
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On Ijarak Island the salt beds are underlain by ealeareoiw 
clayey sandstones of the Tertiary with Ostrea and Peeten, and 
overlain by calcareous aaudstone. The salt is accompanied by 
gj-psum and is mixed with marl and clay so that it is of poor 
quality. Some of the beds are 60 feet thick. 

A remarkable natural gallery in the salt, 5,000 feet long with 
chambers 38 feet high, has been described by one writer. 

The salt on Henjam Islaud is very similar to that on Ijarak. 
Large crater-like hollows occur on the surface of the salt forma- 
tion, which are caused by the salt beneath dissolving away. 

On Kisham Island there is a bill 3^ miles long and about 1,300 
yards wide and 300 to 500 feet high, which ia nearly all solid 
salt. One writer states that the salt is overlain by red ochre and 
specular iron ore. According to Von Busehman, the surface is 
overlain by 35 to 60 feet of sandstone, marl and gypsum on the 
western end of the hill. The salt dips to the east and the upper 
formation becomes thicker in that direction. The salt, though 
colored on the outside, is white when pulverized. It contains 
pure sulphur and iron pyrite. Many caves have been formed in 
the salt by underground solution. One of these was used as a 
mine and so much salt was taken out that the opening became 
90 feet high and 1,650 feet in circumference. It then caved in 
and killed many of the workmen. 

Methods of Working. — At one point where the salt formation 
is close to the shore the Arabs have made shallow openings in the 
cliff, working with primitive iron tools and using explosive pow- 
der of their own make. After the salt m^ is jarred loose it is 
broken up into small pieces and tumbled down the side of the 
cliil, from the bottom of which it is carried by workmen in 
baskets to the beach. About 2,000 workmen are employed and 
because of the scarcity of water no work is done between October 
and May. The men are paid 10 shahi (about 10 cents) a day 
and have to furnish the explosive powder themselves. 

Bameran. — The deposit at Uameran on the Persian Qulf,is in 
beds 4 feet t^ick alternating with earthy material. The salt is 
earned by native boats to M^uscat, whence it ia shipped to Zana- 
bar. Mauritius, BengaJ 8Dcl ot^er' ports. , , 
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In the early "eighties" the region arotiDd the Straits of Ormuz 
produced from 25,000 to 30,000 tons of salt. 

SKA SALT. 

Salt ia made from the water of the Persian Gulf at Bushire. 
Sea and lake salt are not taxed, but rock salt is. 
PEODUCTION. 
There are no records of the total amount of salt produced io 
Persia, but a rough estimate would place it at from 60,000 to 
70,000 metric tons a year. 

TURKISH EMPIRE. 

GENERAL OCCURRENCE. 

The great salt wealth of Turkey is in Asia Minor i^- ^** but 
one roek salt deposit has been found in Albania in the western 
part of European Turkey. 

Until recently European Turkey was supplied almost wholly 
with foreign salt, but now Turkish evaporated salt is used and 
no salt is imported. 

In Asia Minor 75% of the salt produced is made from sea 
water, 22% from salt lakes and brine springs and the remaining 
3% from rock salt. 

SEA SALT. 

Most of the salt made from sea water comes from the western 
coast. The Black Sea is too fresh for salt making and the rocky 
character of the southern coast is unfavorable for salterns. 

On the western coast (see Plate LIV) there are salines near 
Pandcrma on the Sea of Marmara ; on the Islands of Lemnos and 
Mj^ilene; at Assos on the Gulf of Adramyti; at Aivaly; on the 
Gulf of Mendelia south of the Island of Samos, and on the Gulf 
of Tchandarly. On the southern coast there is a saline at Adana 
on the Bay of Alexandretta. 

SAI/r LAKES. 

The valley of the Kizil Irmak River is rich in salt deposits and 
salt lakes. Salt is made from Lake Tuzcholli, due east from 
Eaisareh (Ceasares) ; from Pallas Lake, 31 miles northeast of 
Eaisareh : Lake Sarlmsak. 7 mile!^ north of Kaisareh and from a 
lake near Kiangri. ". 
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Lake Tazcholli is the most important of these lakes. It is 45 
miles long and ISmiles wide and is very shallow. In the summer 
it partly dries up and leaves a crust of salt from two inches 
to six feet thick. The Turkish government harvests the salt at 
various localities which are known as Khans, and keeps a strict 
guard over the lake while the salt is being gathered. 



Of the rock salt deposits in the Kizil Ormak valley the follow- 
ing are the most important. 

West of Lake TuzchoUi and northeast of Konieh is a salt desert 
which is covered with a white saline efflorenscenee, and in the 
hills east of the lake there are red, salt-bearing sandstones with 
alternate beds of gypsum. Salt-bearing sandstones are also found 
near the source of the Kizil Irmak in the neighborhood of Tos- 
gani, and salt occurs with gabbro and dolomite near Siva. There 
are salt mines at Tuz Hissar, a town near lake TuzehoUi; at 
Hadji Bektash on the right bank of the Kizil Irmak near where it 
turns northward ; and on the left bank at Tuzkioy, near Nevshe- 
hir, south of Tadji Bektash. In the Tuzkioy mines the salt is in 
beds 40 feet thick and about 2,000 tons are annually produced. 
An extensive salt deposit lies east of Angora and extends from 
Kiangri on the left bank of the Kizil Ormak to Tchomm on the 
right bank, and from there south to Yuzgad. This deposit is 
exploited at Slagahara near Kiangri; at Sekilo near the Delidje 
Hiverj at Tehankioj, northwest of Yuzgad, and at Tepisidelik, 
near Kirshehir. 

According to Hamilton,* some of these rock salt deposits occur 
in horizontal beds in basins formed by almost vertically dipping 
red sandstones with a general north and south strike. The salt 
is with clay, gravel and sand. The red sandstones occur above 
NummuHtic limestones which are of Lower Eocene age. 

PEODUCnON. 

The yearly average production for Asia Minor between 1898 
and 1903 was 173,438 metric tons. 

*GeoioKlcal Journal, vol. 5, lSf9. p. 373, with secttons. 
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Several roct salt deposits occur in Armenia and Kurdistan, 
usually in remote mountain regions. And in Armenia the official 
reports give 26 localities where salt is made from brine. Among 
these are the springs of Parinek and Dulassi ; those at Bayazid, 
southwest of Mount Ararat, and the salt stream Amat, near 
Mush. 

Kock salt is found in the district of Tuzla; at Saghir Caya, 
in the province of Erzerum and north of Erzerum in the rugged 
mountain valleys of the Otti and Tortum Su Rivers, which are 
tributaries of the Chorok. In this region the salt occurs in a 
white, gray and red salty clay, in which occasional fossils are 
found. A good deal of salt is also found in the watershed area 
of the Chorok and Euphrates, where it occurs with gypsum and 
clay. 

The Turkish official records mention seven localities in Eudris- 
tan where salt is made from brine springs. 
PRODUCTION. 

Prom 18S to 1903 Armenia and Kurdistan together produced 
an average of 1S,2S9 tons of salt yearly. Of this Armenia pro- 
duced 11,156 tons of rock salt and brine salt and Kurdistan 
7,133 tons of brine salt. Only 200 tons in all were rock salt; 
all the rest was from brines. 

i^Iesofotamu akd El Hasa. 
rock salt. 

Kock salt has been found in the Hamerin Mountains in Mesopo- 
tamia, but apparently it is not exploited. At Dillo Mountain 
between Kifri and Salamanieh salt occurs with gypsum and 
crude oil, and Ainsworth found a bed of salt near the Tigris 
River in the district of Mosul. Northeast of Kifri at Tuz Khur- 
mati there is a rich salt deposit. 

BBINB SPRINGS. 

There are about 80 salines in Mesopotamia, of which a half 
dozen are controlled by the government and the rest are worked 

nla BSe Mom. Acad. SL Pete^- 
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unsj-stematieally by the Bedouins, Arabs and Kurds. Some of 
the brine springs are associated with springs of petroleum and 
bitumen. Salt swamps and lakes occur along the Euphrates 
south of Hit. 

The most important salt producing localities are chiefly in the 
Boutheri> part of Mesopotamia. Among these are Bevaria, south- 
w(st of ^losul; Ashkar, southwest of Mosul; Samarra; Silaar, 
near Samarra ; Shifattije, northeast of Eerbala ; Shadi, southeast 
4.>f Eutel-Amara. and Hammar. 

The estimated production of Mesopotamia is 16,000 tons a 
year. 

SYRIA. 

Syria has several salt lakes, chief of which is the Dead Sea, 
a remarkable and historic body of water in Lower Palestine. 
Several important deposits of rock salt also occur and one 
locality is mentioned where salt is made from brine springs. 
BOCK SALT. 
Salt is made at the Lake of Sabakba, about 18 miles east of 
Aleppo, where over 10,000 tons are produced every year and the 
output could easily be increased to 70,000 to 80,000 tons. Salt 
is also won from a lake at Tadmor. 

THE DEAD ^lA. BASIN,-'**' '^ 

The Dead Sea is about forty miles long in a north and south 
direction and about eight miles broad at its widest part, 

Lieut. W. F, lo'nch, of the United States Navy, by a line of 
levels rim in 1848, found the surface of the sea to be 1,316.7 
feet below that of the Mediterranean. Its greatest depth, accord- 
ing; to his soundings, was 1,308 feet. According to Lartel, 
this basin is situated along a north and south dislocation of 
Pre-Crefaceous age, the depression having been formed by a 
I'ost-Eocene sinking of the land on the eastern side of the 
fracture. 

JM For more comptste deecrlptlon see Lartel, Bull, Soc. Geol. 
Prance, vol. 22, 18B*-18BB, pp. 420-462, with section and map, and Viil. 
2a, 1S65-1SA8, analysM, Section and sketch. 

'91 Lynch, Dead Sea BJxpealtion, 1848. 
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The water of the sea is very heavily chai^d with salts, soma 
determinations giving a total of 24% of salts of various kinds. 

Chemical analyses of the contained salts are given below : 

AOCOEDING TO 
Purer. Ramsay. 

Sodium chloride 6.2438 12.110 

Potassium chloride 1.4250 1.217 

Magnesium chloride 10.8015 7.882 

Calcium chloride 2.9811 2.445 

Calcium sulphate 1021 

Sodium bromide 4236 

All other salts .452 

Total 21.9771 24.106 

This strongly saturated water is totally void of oi^anie life, 
except for some small fishes at the mouth of the Jordan and this 
fact with the almost entire absence of plant life on its shores 
has given it the name of the Deed Sea. 

ROCK SAI/T. 

The Quarternary fianks of the basin are frequently saliferous 
and there is an important deposit of roek salt at Djebel Usdom 
on the southern shore. Salt is also to be obtained from the valley 
of Eugeddi, in the central part of the western shore of the Dead 
Sea. 

Northeast of Damascus there is a deposit of roek salt at Djiruf.". 
The salt is obtained from a erust which is formed by the evap- 
orati<Hi of natural brine which is derived from the rock salt. 
But the product is bitter and is only used locally. 

Djebel Usdum. — The salt mountain of Djebel TTsdum is an 
isolated hill at the southwestern comer of the Dead Sea. It runs 
in a general north and south direction with a western defection 
at its southern eaA and is about four miles long by less than a 
mile wide. The base of the bill on the west side is composed of 
from 50 to 60 feet of roek salt. This is overlaid with red and 
green elay with gypsum crystals. Over the clay is a white 
chalky limestone, which forms the crest of the hill. The top 
of the limestone is about 300 feet above the plain. According 
to LpHel, this limestone and the salt below are of Upper Cre- 
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taceoua age. Max Blaekenhom,"" however, places them in the 
Qnatemary. 

The exposed salt is of a bluish color and has been carved 
mto columns and pillars of peculiar shape by the weather. It 
contains a high percentage of sodium chloride. An analysis by 
M. Levreil gives the following composition : 

Chlorine 59.30 

Sodium 38.47 

Sulphuric acid 92 

Calcium 60 

Magnesium 09 

Silica, clay and organic matter 15 

Sulphur Trace 

The Arabs work this salt'** and deliver it in Jerusalem for 
60 piastres {$2.56) per camel load (500 pounds). The pur- 
chaser pays 15 piastres extra per load as a revenue tax to the 
government. 

Zuweirah-FoJca. — In this locality, about 13*4 miles northwest 
of Djebel Usdom, there is a minor occurrence of rock salt in con- 
nection with a large gypsum deposit. The formation is of the 
same age as that at Djebel Usdom. 

BRINB SPBINQS. 

Prom 2,000 to 3,000 tons of salt are produced annually at 
the Saline of Jezreb, near the villages of Kiaf and Etreb, in an 
oasis of the Syrian desert. The salt is sent to Damascus and 
Hauran. 

PBODDCTION. 

The average yearly production of the salt works owned by 
the Turkish government in Syria and Palestine from 1898 to 
1903 was 8,059 tons. 

TUBKISH j>w.A-BTt 

Several large deposits of roek salt occur in the mountains along 
the west coast -of Arabia, and salt is also made from sea water 
along the coast 

BOOKSAI/P. 

A red salt is mined in the mountains near Tambo ^orth of 
Mecca and sold in the bazaar. And it is said that lai^ masaa 

Ut Zeltschrift lur Praktiache Geologte, vol. G, p. SSO. 
133 "Notea on a Visit to the Dead Sea," H. Poole, Q«ol, Jonr.. 
vol. 11. p. 20S. 
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of rock salt lie in the mountain slopes near Jisan, Loheia and 
Hodeida. The largest mine is in the mountains near Salif, 
where 50,000 tons of rock salt are prodneed in addition to the 
sea salt. 

Salt steppes lie in the lava waste of Harra, nort) of Mecca 
and between the coast ranges and the interior desert. 

SSA SAl/r, 
Salt is made in several salines along the coast and on quite a 
large scale at Salif, where the salterns are owned by an English- 
man. And at Aden, which is an English possession, there is a 
yery large plant with about 4,000 square yards of evaporating 
basins. The water is let in from the ocean by sluices and is run 
from one basin to another as the process of evaporation proceeds, 
80 that a fairly pnre product is obtained when the salt final^ 
crystallizes. The mother liquor is pumped from the basins back 
into the ocean by screw pumps worked by hand. This locality, 
on account of the tremendous heat, a maximum temperature of 
117° Fahrenheit, and the warm winds which prevail at one season 
of the year is especially adapted for salt making. The brine 
evaporates in sis or seven days, the salt is then broken up and 
left in heaps to dry. Most of the dried product is ground up in 
a mill, transported to the loading points in small trams drawn by 
camels and dumped into the holds of the vessels without packing. 
The average yearly output for this locality between 1893 and 
1902 was 50,120 metric tons. 

PBODDCnON. 

In Turkish Asia an average production of 249,488 metric 
tons a year is given by the official figures for 1898 to 1903 Of 
the total product, 52,814 tons was rock salt, 67,039 tons brine or 
lake salt and 129,635 tons sea salt. 

The production in 1903 was 280,178 tons, of which Asia Minor 
produced 193,307 tons; Armenia and Kurdistan, 20,924; Mesopo- 
tamia, 1,035; Syria, 7,874, and Turkish Arabia, 57,038. It 
should also be borne in mind that in addition to this estimate 
a great deal of salt is made in the desert by the wild tribes. 
ABABIA. 

A good deal of sea salt is produced in Arabia. All the lowest 
parts of the Arabian desert contain salt flats and many of the 
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crusts in them are gathered and used by the Nomadic tribes of 
tbe interior. There are two occurrences of rock salt. 

BOCK BAI/r. 

A salt bed occurs at the Oasis of Teyma, latitude 27" to 28° 
North and longitude 39" to 40° East. It is worked by the 
wandering Bedouins and used extensively in the Arabian desert. 
In southern Arabia, in the region of Hadramaut, some salt comes 
from Schebwa, Abida and lyad, which are about sis days' 
joamey from Schibam. 

SAlyP FliATS. 

Salt crusts or beds are worked in the two salt flats of Aneisa 
at Kheybar, 26° North Latitude, 40° East Longitude and at 
Mount Misma, from which locality the town of Hail is supplied. 
A salt desert occurs in the volcanic region of Harrat el Kishub, 
Latitude 23° to 24= North, Lontigtude, 41" to 42" East. 

SEA SALT. 

Sea salt i^ made at Makalle and Sihut on the southern coast. 
The salt is obtained from agas, or low salt flats. They are filled 
with ocean water when the southwest monsoon drives the waves 
IB and at other times receive the waters from the streams coming 
from the inland bills. The Arabs dig shallow holes in the salt 
flats and the brine which collects in them is evaporated. 

A large part of the product is exported to East Africa. At 
Sihut 50 sacks of about 65 pounds each sell for $64 and probably 
bring that price apiece in East Africa. 

Arabia produce enough salt for home use, but there are no 
statistics of production. 

EGYPTIAN AKABIA (The Sinai Peninsula). 

Rock salt outcrops are found at Gharendel, Wady-Tal and 
"Wady-Roman. Old salt quarries occur at Omsbash, on the 
northern edge of the Et Tib desert. Sea salt is made in shallow 
flats along the Oulf of Akabah, on the east coast of the peninsula. 
At Cape Mohammed and Has om Haye, where the coast- is rocky 
and the waves very high, the spray from the waves fills cavities 
in the rocks, which leave a salt crust on evaporation. The com- 
mon salt in these crusts is easily separated from its other im- 
purities and is used to some extent for preserving fish. 
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There are many bitter salt lakes along the Suez Canal, which 
are not nsed. South of Port Said an Italian company has 
obtained a concession from the Egyptian government to make 
salt for export. They have laid out a saline capable of turning 
out 150,000 metric tons of salt a year. 

THE ISLAND OF CYPRUS, 

VICINITTf OF LABNACA. 

The Salt Lake. — Large quantities of excellent salt are 
obtained from the salt lake, which is abont a mile to the south- 
west of the town of Lamaca,"* on the southeastern side of the 
Island of Cyprus. (See Plate LVII.) This lake is of especial 
interest, as it illustrates the formation of salt deposits. 

The lake and the sea are separated by a barrier which is nearly 
level and a mile to a mile and a half wide. This belt is covered 
with low brushwood and patches of bare ground. During the 
winter the bare spots are covered to a depth of a few inches with 
water, fresh, brackish, or salt. Southward they form backwaters 
of considerable area. 

The surface of the lake in winter is seven feet below the 
surface of the sea. The lake at its deepest is only about three 
feet. 

Section of the Barrier. — Under the direction of Mr. Bellamy, a 
boring was made into the barrier, and the following section was 
obtained : 




On the surface was a layer of yellow, calcareous, or shelly 
sand 12 to 18 inches thick ; then came a thin layer of black mud 
corresponding to the deposit in the bed of the lake. Between 
the depths of two and ten feet, shelly sand again appeared. In 
the upper layers this was stiff, but between 10 and 12 feet below 
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the Borf ace it became -very soft and watery. Beneath this horizon 
of water mad 12 to 15 feet of atiflf day were penetrated, but the 
boring had then to be discontinued, aa the material became ao 
liard as to clog the boring rods. Ten days after it was foond 
that the midergromid salt water had welled up the bore hole and 
formed a pool. This water had more than twice the normal 
density of the sea water and aboat .75% that of the water of 
lake at the time of observation. 

Inflow of Sea Water. — Becanse of the lower level of the lake, 
the sea water constantly percolates throt^;h the shelly layer (a), 
and in the winter seasons accumnlatea as a salt lake. This 
inflow is, however, not snfficient to raise the Emrface of the lake 
ap to that of the sea, because of the occurrence of impervious 
masses of conglomerate in the shelly layer. 

The rate of evaporation during the intense heat of the Cyprus 
summer prevents the aceumnlation of any water, but when winter 
sets in, evaporation diminishes, and with the aid of a few showers 
of rain, the supply of sea water overcomes the loss by evapora- 
tion. Then water appears in the bed of the lake, which in 
summer had been covered only with salt incrustations. 

Diversion of the Rivers. — To obtain the greatest possible 
amount of salt, the two principal mountain streams have been 
diverted by artificial channels from entering the lake. 

HI3TOBY OP THE SALT LAKE. 

In Cenozoic times the salt lake and the backwaters probably 
, formed a marine estuary. The barrier having apparently been 
formed at a more recent period. 

At present, if the rainfall should be nnuanal, and the artificial 
channels fail to carry off the water of the streams, or if the sea 
should encroach slightly on the land, a wide estuary of shallow 
water would be formed and all trace of the salt lake be oblit- 
erated. 

HBTTHOD OP COLLECTING THE SALT. 

The salt harvest is in the hottest part of the summer, id 
August. The salt lake then is dry and its shallow bed ia covered 
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with incrustatioM of salt, as it is said to look like a field of 
snow.^ The aame methods are now in vogue as were employed 
in 1572. The salt is thrown into heaps and left ontil spring, 
when it is shipped for exportation. 

The Lamaca salt has been famed from very early times, for 
its unusual excellence and its reputed medicinal properties. 
PKODUCnON. 

In 1904 the Island of Cyprus produced 3,954 metric tons of 
salt."* (1 metric ton equals 2,205 pounds.) 

Africa 

Northern Africa 

EGYPT, 

There are many lagoons on the northern border of the Nile 
delta, which extend in a wide curve from Alexandria to the 
ruins of Pelusium, and are separated from the sea by narrow 
harriers. The salinity of the lagoons is much reduced by the 
constant inflow of fresh water from the Nile, yet since ancient 
times sea salt has been produced from them,'" 

Salt Plains. — To the west of Cairo in the Lybian desert are 
salt plains, salt marshes and salt springs and lakes. Of the 
salt plains the most interesting is that of Siwa on the caravan 
route from Mursuk to Cairo. It is at ancient Ammonium, so 
called from the temple of Jupiter Ammon. Since the earliest 
time salt has been obtained there. Herodotus, Eratosthenes and 
other Greek historians tell that this salt was preferred by the 
Egyptian priests for their sacrifices to the sea salt, and that the 
priests carried pieces of the salt in palm-leaf baskets as presents 
to the kings of Egypt. 

In Upper Egypt between the Nile and the Bed Sea and to the 
southward in the Egyptian Soudan in Eordofan, Dar-Pur and 
elsewhere salt is diffused through the earth in many localities. 
The chief centers where this salt is refined are Boydha, near 
Shendi, on the White Nile, and Halfaie, near Sennar, in the 
valley of the Blue Nile. 

m Prof. Qaudry. Mem. Soc. G«ol. Prance, ser. 2, 1863, 273. 

m Rothwell, Mm. Ind., 1906, vol. H, 6ia. 

m Von Buschman. Das Salz, vol. 2, 1906. pp. 268-277. 
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On the banks of the White Nile the salt is generally refined 
by making two pits in the earth connected by a canal, one pit 
being at a higher level than the other. The earthy salt is dis- 
solved in the upper pit and the brine Sows down into the lower, 
where it is evaporated. Bnt at Boeydha the earth is heaped up 
in piles along the street by the Arabs and boiled in great earthem 
vessels, the residue being re -evaporated in similar jars. 

Salines. — In Egypt proper in modern times salt has only been 
produced on the Nile delta in the salines of El-Meks, near Alex- 
andria, on the western part of Jjake Jlariut; of Beltim, between 
Rosetta and Damietta, on Lake Burlus and in the Asiatic salines 
of Port Said, Balassi and El-Arisch. 

Production.—Since November, 1899, the Egyptian Salt and 
Soda Company, Limited, has leased from the government the 
right to produce salt. Since that time only the saline of Meks 
has been in operation, although the company was authorized to 
produce as much as 1,500 tons from the Baltim saline, but this 
could only be used for salting fish, as the quahty was poor. 

The saline of El Meks produces about 50,000 metric tons 
annually. 

Importation and Exportation. — The importation of foreign 
salt is in general forbidden since 1899, but the Salt and Soda 
Company is empowered to import salt on payment of the tariff 
of 8% of the value. 

TRIPOLI. 

In Tripoli there are many salt marshes and over wide areas 
the ground is covered with saline efflorescence. But there are 
very few descriptions of the salt of Tripoli, 

In the east of the country there is a zone of bitter salt 
lakes and marshes, which separates the ancie>nt Cyrenaica 
from the Lybian desert. These lakes contain layers of salt, 
gypsum, saltpeter, magnesia and other materials.-'* 

In the Fezzan are salt lakes which contain chloride and carbon- 
ate of sodium in varj-ing amounts, that of Hahr el Doud being 
80 dense that it looks like syrup. Several hundred tons of soda 
are sold yearly in the market of Tripoli from these lakes. 

MS Vfin BuBchman, Daa SalB, vol. 2, 1908, pp. 300-305. 
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Along the coast of Tripoli there are a number of sea salines. 

No statistics exist as to the amount of salt produced from the 
salt lakes. The total production of sea salt in 1903 in Turkish 
Africa was 11,887 metric tons. 

In 1902-1903, 800 tons were exported to European Turkey and 
4,950 metric tons to Beirut in Syria. Salt is also sent by caravng 
to the interior of Africa. 

TUNIS. * 

Soli Lakes. — In southern Tunis a depression 240 miles long 
runs east and west along the n6rthern boundary of the Sahara, 
This is occupied by a succession of saline basins, marshes and 
hollows. It extends through Tunis into Algeria, south of the 
principal chain of Algerian lakes. 

The great salt lake of Tunis is the Shott el Jerid or Shott of 
the Palms, known at its eastern end as the Shott el Fejij. This 
lake is 120 milre long and lies some 20 yards below sea level. The 
water is as salt as the Mediterranean. In summer the lake dries 
up, except in the deepest parts, but even there the water is 
hidden by the salt crust which covers I he entire surface. In 
walking on this crust one's footsteps echo as on the stones of an 
archway. Nine or more caravan routes across the lake, some 
tree from danger, but others only to be followed with the utmost 
caution, owing to the fissures in which the wayfarer may sud- 
denly disappear. The upward pressure of the water from hidden 
springs forces up the salt crust in cones, which appear as islands 
in the distance, when seen through the mirage, as hills of salt, 
although the largest is hardly 20 paces in diameter and not more 
than three feet above tlie surface of the lake. 

Bock Salt Deposits. — Rock salt occurs at Sidi-Meskine and 
Ujebel Had-Deffa.'» The Djebel Had-Deffa is a salt mountain 
on the eastern side of the Shott el Jerid. The salt is as hard and 
compact as stone, and in general is of a red or purplish color, 
except where it is washed by rain, where it is snow white and 
without the hitter flavor of the rock salt. 

Sea Salt. — Salt is made from sea water at a number of salines 
as at La Goulette and Ras Dimas. 

m Von Buschman, Daa Salz, vol. 3, pp. 353-267. 
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Production. — The Bait industry is under State control and tha, 
salines are either operated directly by the State or by private 
companies holding concessions. 

In 1904 Tunis produced 23,600 metric tons.*" 

Importation and Exportation. — As the concessions are obliged i 
to export all the salt they produce quite a lat^ amount is sent , 
out of the country. In 1902 salt worth $9,000 was shipped to 
foreign countries ; $6,000 worth was sent to Norway. 

No salt is imported. 



Salt Lakes. — On the plateau of Algeria are many salt lakes 
known as shotts or sebkhas. Often their basins lie below the 
level of the sea. 

South of Oonatantine there is a group of small sebkhas of whicn 
the most important is El Tarf. Its waters cuotain 27% of 
saline materials.'"' The Arabs obtain salt from all these lakes. 

South of Algiers there are many salt lakes, the lai^est being 
the Shott el Hodna. The most prodnetive are the eastern and 
western Zhares. The latter, Zahrez Rharbi was observed in 
April, 1844, by Poumel, when it was simply an immense crust 
of salt, smooth as ice and looking in the distance like a sheet 
of water. The salt was two feet thick in the center of the lake 
and the total amount has been estimated at 250 million tons. 
It is harvested by the Arabs who camp along the shores. The 
water is ten times more salt than the sea water and contains 
no living creatures. The Zharez Shergia contains some 332 
million tons of salt. Analyses of the waters of these lakes show 
a marked similarity to the waters of the Dead Sea, which dif- 
fers chiefly in its great depth and consequent latter proportion 
of magnesium chloride and bromides. 

The largest of all the Sebkhas of Algeria is the Shottrel- 
Shergui, 120 miles long. 

Not far from Oran is the Sebkha of Arzew, a lai^ shallow lake 
filled by the winter rains and in summer almost completely dry. 
The salt crust ia more than a foot thick and consists of an upper 
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layer of gray salt and a lower of very pure white salt. The 
lake U connected by a short railroad with the sea port. The an- 
nual prodnction is 20,000 to 30,000 metric tons.** 

The saline materials of the Sebkhas are all derived from 
neighboring rock salt beds or saline clays from which the salt 
is leached out by rains and streams and carried into the lakes. 

Bock Salt. — A remarkable deposit of rock salt is the momi< 
tain of salt of El Outaia, the famous Bjebel el Melab on the 
east side of the caravansary on the road from El Kantra to 
Biskra, four hours distant from the Sahara. Coqnand*" found 
the marls at the base were followed by a tbin bed of salt which 
was overlaid by dolomite, red marls and gypsum with anhydrite. 
Upon this rested the chief bed of rock salt which is more than 65 
feet thick. Above this are heavy beds of gypsum and some 
marls. In 1896 El Outaia was visited by Tardy *"* who found 
salt streams flowing down from the center of the salt mountain. 
Like all the salt mountains of Algeria El Outaia is surrounded 
by a zone of thermal springs some of which are mineral. 

South of Algiers salt deposits occur which are very much 
like the salt mountain described above. The most striking is 
that the Jebel Sahari, the Rhang el Melah, on the right bank of 
the Oued Melah south of Bc^ar, The salt of this mountain has 
been mined by the natives for an unknown length of time. 
Ville*"* describes the Rhaug el Melah as a conical hill about 
49 feet high. The summit has been greatly eroded and a series 
of salt ridges and pillars stand like ruins on the crest. The 
mass of salt is in the center of a Cretaceous outcrop which is 
surrounded by Miocene strata resting uncomfortably on the older 
beds. The salt is not stratified but shows bands 3-4 millimeters 
wide which are of different tints. "Ville noticed fragments of 
marl included in the salt. The gypsum overlying the salt is 

toi Pucha ana De Launay, Tralte dea Gltes Mln., pp. B21. 

*M H. Coquana, Bull. Soc. Geol. de France, 2me Ser., vol. 26, 188S, 
pp. 43I-45S. 

an Bull. Soc. Geol. de Prance, Srd aer., vol. 24, 18S6, p. 1076. 

n» Vllle, "Gltes de Sel Gemmo du Rhans el Malah," Ann. dea 
Mines, Bth ser.. vol. 15, ISBfl, p. 366. 

m ibEd.. Plate 3. 
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distinctly stratified. A surface sketch and cross section of the 
Rhang el Melah are shown on Plate LVIII, A and B. The latter 
shows the salt.columns on the erest of the hill which have been 
protected from weathering by masses of clay. 

A salt brook, the Oued Melah, flows from the salt mountain 
and carries a large amount of saline materials which it deposits 
in the Zharez shotts. Ville calculated that the the present rate 
of deposition 5,300 years would be required to form the deposits. 

A salt deposit very much like the Hhang el Melah is that of Ain 
Hadjera, 36 km, aoutheast of the Rhang el Melah. Its outcrop 
is nearly circular and is 3280 feet in diameter. A cross section 
of this salt mountain is shown on Plate LVIII, C. The salt 
like that of the Rhang el Melah is extremely pure. 

South of Oran, Ville describes a salt mine which the Arabs 
exploited a few miles south of Ain Temushent.'"' The salt lies 
in gray, schistose clay in the center of a V-shaped fold of grey 
limestone. 

The conical salt deposits of Rhang el Melah, Ain Hadjera and 
Djebel el Melah have been thought to have arisen from differ- 
ent causes, but the recent explanation is that their origin is sim- 
ilar to that of the Maros-Ujvar salt mass in Austria-Hungary. 
This is explained as due to the occurrence of a compact mass 
of salt in Tertiary clays which were later strongly compressed 
into an anticlinal fold and subsequently truncated by erosion.*" 

Age of the Bock Salt. — Opinions have differed widely as to 
the age of the Algerian rock salt. It was thought by Coquand 
to be Eocene,*"* by De Launay to be Cretaceous,*" by Bertrand 
to be Triassie and the mountain of El Outaia by Tardy to be 
Late Tertiary.*" The Geological Survey of Algeria conducted 
by the French government reported in 1897 that the salt de- 
posits south of Constantine are found in both the Triassie and 
Oligocene.*" 

MT Notice Mlneraloglque sur les Provinces d'Oran et d'Alger, p. 4!. 

toB Traits des Gitea Mln., pp. 498, 606. 

t09 Bull. Soc. Geol. France, 1868, p. 440. 

tlO Traite des Gftes Mln„ p. iH. 

t" Bull. Soc. Geol. France. 3rd eer., vol. 24, 1896, p. 1076. 

«» Rapport aur les Travaux du Ser. Oeol. de I'Algerle, Ann. dea 
Mines., 9th ser., vol. 15, 1899, p. 193. 
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Production. — Iq 1904, salt waa produced in the Department of 
Oran and Gonstsntine from 3 mines (without eoncessionii), 4 
' brine springs and 12 salt lakes. The total production was 19,000 
metric tons of unrefined salt. 

In the Department of Algiers the salt is harvested only by 
neighboring Arab tribes for their own use, and no statistics 
exist as to the amount produced. 

Importation and Exportation. — Algeria imports salt princi- 
pally from France and French salt enters duty free. Salt from 
other countries pays the same tariff as that entering Franqp. 

The exportation of salt is quite important. Every year over 
4000 tons of Algerian salt are sent to the French coast where 
it is used especially for salting sardines. 

Occasionally ships sailing to foreign countries take Algerian 
salt as ballast. 

MOROCCO. 

In Morocco there are many brine springs, salt brooks, salt 
lakes and lagoons and a number of roeb salt deposits. 

Brine Springs. — The Cretaceous red shales of the plateau re- 
gion are very saline and give rise to brine springs which are 
found wherever these red shales occur."* The salt springs from 
the salt lake of Zima, 8 hours journey from Safi, where in 
summer a considerable amount of salt is obtained from the 
shallows. The salt is very white and pure and requires no re- 
fining. The right to extract the salt is leased by the government 
to a neighboring tribe. The salt is used almost entirely 
at Safi.^t 

Near Jabel Hadid the brines are led into shallow pans where 
the water is evaporated for salt. 

In the Atlas mountains brine springs are also associated with 
the red shales. 

Kock Salt. — At Demnat, in addition to brine springs there 
are extensive deposits of red rock salt. The salt is quarried out 
in lRr?e blocks and sent to the market at Demnat. 

?W Thomson. "Qeology of Southern Morocco," Qeol. Joum., vol. 
65. 18M. p. 197. 
i/i Purer, p. SOS. 
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The moat important rock salt deposita are narth and northwest 
of Fez, at Muley-Jaknb, where the rock salt which is of middle 
Tertiary age is in open qnarriee.*" 

Still further north are the salt quarries of M'ghair. Another 
important salt mine is near Hajar el Waesif . 

Near the coast at Casablanca is a salt hill. 

Sea Salines. — At many places along the Atlantic coast as at 
El-Araish south of Tanger sea salt is obtained and there are also 
some salines along the Mediterranean coast of Moroeeo. 

Prodvction. — Salt production is carried on chiefly by the na- 
tives. It is not a State monopoly and anyone can extract it 
from the salt lakes or evaporate it from tho sea water. 

Importation and Exportation. — Only a small quantity of salt 
is imported, principally fine table salt from England and a 
few tons that are brought as the ballast of smaller sailing ves- 
sels from Spain and Portugal. 

No salt is exported to Europe, but a large amount is trans- 
ported by camels from Moroeeo to the interior of Africa. 



The salt caravans of the Sahara have existed since very an- 
cient times and to this day the traffic in salt forms the prin- 
cipal industry of the dwert. 

Herodotus about two thosuand three hundred and fifty years 
ago described'" an ancient caravan route in the Lybian desert 
which connected salt oases, and he writes that the people living 
at one of these mines "build their houses all of limips of salt, 
since these parts of Lybia are without rain." 

Yet there are relatively few salt deposits in the Sahara as 
compared with other arid regions, but they are very important 
as they supply the entire Soudan and the Congo Free State. 
This crude salt in blocks is impure and colored by foreign mat- 
ter, but is solid, convenient to handle and resists the weather. 
Thus it is distributed far and wide over the interior. Some- 
times the blocks are carried by caravan 1200 miles before reach- 
ing the consumer.'" 

Mf Von Buschman, Dfw Snl>. voL 2, pp. IBO-tSS. 

t» RIstortes. book 4, acca. 1S1-1SE. 

lit Sag. and Hln. Jonm., Uareta SI, I>04. p. 5tS. 
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Salt is produced chiefly at the Sebkha Ijil, Taadeni, Biboa 
and the eastern slopes of the Tibbu Hills. It is called by the 
general name of "the salt of the Sahara" and ie put on the 
market in slab or bar fonn or more rarely is pulverized. 

The Sebkha Ijil, lying in the western part of the desert a 
little south of the tropic, is the source of a large supply of 
salt. The Kounta tribe own the lake and require payment 
for every camel load and also levj' a tax for the right tc 
extract the salt. Tribes which purchase this right camp around 
the lake and harvest the salt in the dry season. ■ It is cut into 
slabs weighing about 54 pounds, eight of which make a camel 
load. The total amount forwarded annually from Ijil to the 
Soudan is said to be 20,000 camel loads of. about 4,000 metric 
tons. 

The chief market for the salt is the Tishit Oasis among the 
owners of the lake. Here the people of the Soudan bring slave 
gangs which are bartered for the salt, three slabs of salt rep- 
resenting the average price of a man.»^ 

East of the Sebkha IjU, on the caravan route about half way 
from Morocco or Tenduf to Timbuktu, are the rock salt deposits 
of Tandeni. These have been mined since 1596 and prior to 
that salt was obtained from Teghasa, 70 miles further north, 
where the salt seems to have been obtained even before the 11th 
century.'^ 

The salt at Taudeni as at Ijil is cut into slabs. For hewing the 
salt the workmen used imtil recently tools made of serpentine. 
The miners are a half-caste Arab and Negro people who, when 
the heat is extreme, live in artificial eaves excavated in the 
hUls. 

In connection with Herodotus' account of the salt houses in the 
Lybiau desert it is interesting to notice that in 1850 Caille, travel- 
ing through the Sahara, saw houses built of rock salt at Taudeni 
and Teghasa. 

The third important salt region is oq the great caravan route 
from Tripoli and the Fezzan to Bomn on Lake Tchad. The salt 
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ia at the oases of Kawar, Dirki, Ealala, Bilma and Qara. 

Bilma produces the moet, best and most valued salt that is sent 
to the Soudan. Nachtigal found Bilma almost in rains as a re* 
Hult of the incessant attacks of robbers to which the town is 
a prey because of its valuable salt depoMts. The robbers also 
often steal the laden camela from ihe caravans. 

The salt is obtained by digging shallow pit^ of oval shape 
10-20 yards long and 6-10 yards wide, surrounded by walls 8-10 
yards high that are made from the earth that is thrown out of 
the pit. The salt pits are irregularly divided by low elay banks 
into compartments which are filled with water. This dissolves 
tile salt, which lies directly on the surface of the earth, and the 
water becomes so salty and the evaporation is so rapid that in a. 
few days a crust of salt several inches deep forms on the sur- 
face of the water — like ice. Twice ' a week this salt crust is 
broken up with sticks or by the Arabs walking in the pools up 
to their knees in brine and trampling down the crust to stir up 
the water as much as possible. In general the wind-blown 
sands and dust mingle with the crystallizing salt so that the salt 
crust is impure and grayish; but in protected places, pure, 
white salt forms which can be removed like a coating of ice. 

When the evaporation is completed the salt is harvested. The 
medium quality is made into sugar-loaf or bread-loaf shapes. It 
is grayish green with a bitter taste and ia used partly for 
seasoning but chiefly for mixing with the camels' food. About 
ten of these blocks make a camel load. There is also a purer 
white salt which forms at the bottom of the pits. The medium 
quality which costs at Bilma $1.00 is sold in the Soudan 
market for $30.00.'*' For in the Soudan salt can only be ob- 
tained by the combustion of certain plants. 

As no region off the Sahara produces as much excellent salt 
as Bilma, buyers come from far and wide and the women often 
welcome strangers by throwing over them handsful of salt. 

Seventy thousand camels come every year for their load of salt 
at Bilma and some of the salt caravans comprise each as many 

n' Von BuBchmaa. Das Bala, vol. 2, 1606, pp. 205-120. 
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M 3,000 camels. The amount carried is estinutted at from S,000 
to 12,000 metric tons. 

Further east, on the soatheastem slopes of the Tibba hills 
is the fourth group of salt producing localities of the Sahara — 
Budu, Dimi and Fodi Int^giding. 

At Budu is a salt plain of which an impure salt forms the 
entire surface. For refining it, water is conducted from near-by 
springs and the plain is divided into compartments by day walls 
as at Bilma. The Btidu salt is less pure than Uiat of Bilma and 
has a bitter taste. 

The salt mines of Dimi produce the red rock salt bo much 
valued in the Soudan. 

"WEST AFRICA. 
TBXNOa WEST APBIQA. 

Brine Springs and Sea Salt. — Salt is made in Senegal. 
Dahomey and the French Congo. 

In northern Dahomey, southeast of the town of Say on the 
Niger, near the boundary of British N^eria are the salines of 
iCalluil (Kaura) in the valley of F<^ha, Salt is obtained by 
taking the saliferous earth from the valley and placing it in 
funnels made of reeds or straw. Water is then poured on the 
earth and the brine which flows through is caught in earthen 
jars and evaporated and a yellowish gray salt is produced. 
During the rainy season the valley is filled with fresh water and 
the salt industry is suspended. 

On the coast of Senegal at the saline of Gandiole south of St. 
Louis and on the coasts of French Guinea and Dahomey sea salt 
is made. In Dahomey recently regular salt (arms have been 
established. Sea salt is also made on the Ivory Coast in the 
vicinity of Grand Bassam and Assini. 

In the French Congo there are brine springs, and north of 
the river Kouilon is a salt plain where bitter and potassiun) 
salts occur with rock Mtlt. 

Along -the coast flf French Kongo sea salt is made under 

shelters. It is evkporated in speeiaHy .pnpand conical, «lay 

«w»s about^two feet high, built over slight excarations in .the 

• flrnnhd. Entire families are «jt;eB(9ed in this indastry. Some- 
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times tliey worh throi:^li the whole night and the Sres of these 
prmutive salines can be seen by far off travelen. The salt is 
carefully packed in cylindrical baskets and sold to the Bayakaa, 
a tribe living in the interior who come to the coast to trade in 
salt. 

Lenz saj-s that certain tribes, as the Oschebo, who are distant 
from the coast make salt from the ashes of a swamp plant wit^ 
la^e yellow flowers. 

There are no estimates of the amount of salt made in French 
"West Africa. 

Importation and Exportation. — The French West African 
colonies import salt from Europe, the Cape Verde Islands and 
from the Sahara. In 1901, in all, 7,589 metric tons. The tariff 
ranges from 15 cents to 72 cents per hundredweight. In the 
western Kongo and the Tchad territory the tariff is 10% of 
the value. The European salt is chiefly from France, but some 
is also introduced from Germany and Portugal, 

Salt is exported into the interior, where it rises greatly in 
value. So in Gabun, on the coast, the selling price in 1904 was 
2^ cents a pound, while at the market of Niele in the Soudan 
the same amount was worth 85 cents.*" 

BRITIfiH WEST AFRICA. 

Sea Salt. — Very few recent facts exist in regard to salt pro- 
duction in British West Africa. 

On the Gold Coast, near Adda, salt is made in a lagoon at 
the mouth of the Volta Eiver, and east of this on the Slave Coast, 
in the lagoon of Kitta." 

Along the coast of Sierra Leone and on the Island of Sherbro 
and on the Gold Coast, especially near Anamabo, sea salt is 
obtained by the natives in the following way. During the spring 
and fall equinox the low coastal plains are flooded and a fine 
mud is deposited. As soon as this is dried by the sun it ia 
scraped up by the natives and dissolved in large earthen jars. 
The brine on evaporation gives an excellent salt which is pre- 
ferred to sea salt, although it is not ao white. 



ui Von BuBchtnan, Das Sali. vol. t, pp. I42-2SG. 
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Many slaves are employed in the salt industry on the Sierra 
Leone coast, which ar» obtained from the interior in exchange 
for European wares and salt. Salt is so yalued by the tribes 
of the inner plateau country that if they have no slaves for 
sale they will sell their families and all they hold dear for salt. 
Thns salt is the principal article used in the purchase of slaves. 

Plant Salt. — On the right bank of the Benue River, the prin- 
cipal tributary of the Niger, there are several salines, as the 
Sebkha of Keana. On the left bank some plant salt (see page 
247) is made, although the introduction of Sahara salt has 
greatly lessened this industry. In the negro village of Tangfulli 
special conical ovens are used in which a kind of grass 
(burabaia), which grows on the valley plains, is burned. The 
ashes are mixed with water and the solution on evaporation 
gives a bluish grey powder which tastes strongly of potassium 
Baits. Plant salt is made at many other villages but the plants 
are usually burned on the open ground. 

In the vicinity of Benin plant salt is made from a wiUow-lika 
shrub called the salt bush, which grows in the coastal lagoons.*** 

Importation and Exportation. — Besides a considerable amount 
of Sahara salt, salt is also imported into British West Africa 
from England and Germany. Sierra Leone alone in 1901 im- 
ported 3,746 metric tons. The tariff in Sierra Leone Is 8 shilUngs 
per English ton, in Gambia 5 shillings, on the Gold Coast 2% 
shillings, and in Nigeria ^ shilling. 

Salt is exported into the interior chiefly in canoes up the 
Volta and Mono rivers. At all the trading posts salt serves 
as money. 

UBBBU. 

In past times a small amount of sea salt was made near Cape 
Mount, northwest of Monrovia, and at present some salt is made 
between Since and Cape Palmas."* 

But nearly all the salt used in Liberia is imported, chiefly 
from Germany and Austria. The tariff is 5 cents per hundred- 

*M "Com. Qeog. of Yoruba," Proc. Roy. Qeog. Soc, voL n, 1889. 
p. tit. 

m Von Buschman, Daa Sals., vol. 1, p. 199. 
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weight. In 1904 Mlt cost 80 cents to a dollar per hmulFedwei^t 
in Monrovia, 

There is little or no exportation of salt inland. 
SPANISH PoerassiONB. 

A small amount of salt may be made along the coast of tiie 
Spaoiah posBessionB, but tiie greater part of the salt used ii 
imported. On the Island of Fernando Po salt, next to nun and 
t(^acco, is the coatliest of European wares. 

KONOO STATE. 
Salt Mine.- — ^Near the junction of the Kongo with its tributary, 
the Ewango, Boshart states that there is a salt mine which 
supplies the region far and near with salt. There are also weak 
brine springs, but the salt obtained from them is impure. 

In the southeast of the Kongo State thrrre are the warm brine 
springs of Moachia, near Katanga. The temperature of the 
water is 36° to 40° Centigrade. The Syndicate of Katauga has 
developed an important industry in the evaporation of salt from 
these springs. 

North Katanga, between Eilemba and the village of Mnnza, 
■alt is obtained by the negro tribes from the salt plain, lliis 
plain is entirely sterile as salt is dif^ised through the w»< and 
all the springs and marahes are salty. The oativea eonstruct 
(tmnel shaped frames of sticks carefolly lined on the inner side 
with large leaves and the small end is closed with a filter of 
grass. The funnel is filled with the salty earth and boiling watw 
is poured on. The brine which filters through the grass is caught 
in gourds or earthen jars. On evaporation tiiis gives an impure 
salt with usually a large percentage of saltpeter. It is made 
into Gonos weighing about 3 pounds each and is eagerly sought 
by the tribes that have no salt.*" 

In the northeast of the Kongo State, Enim Pasha saw targe 
fragments of salt from Mabode-Land. They were fairly white 
and pure, but had a slightly bitter taste. 

Importation and Swpcrbition. — The greater part of the salt 
used in Hie E<»go State is imported. Sahara salt is brought 
in from the north and European salt from the coast. Somp of 

Its Von Buschman, Dae Sale. vol. 2, ISOt. pp. IM-Ul.t 
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the European salt ia carried far inland and Stanley saw Euro- 
pean salt for sale in the market of Njangive, on the Upper 
Kongo. 

The tariff is 10% on the value. 

There are no statistics of the production or exportation of salt. 

PORTUGUESE WKBt AFRICA, 

Rock Salt. — In Angola there are rock salt deposits in the 
Permian-Triassie beds, which are exploited by the natives at 
Kuanza and Karoko.*** 

The salt mines of Ndemba in the territory of the Eissama 
tribe were described by the earliest explorers. In the account 
of the campaign of Continho in 1602 we read: "In this place 
there is such a store of salt that most of the country ia perfect 
clear salt. * * • It is some three feet under the earth, as it 
were ice, and they cut it out in atones of a yard long, and it 
is carried up into the country and is the best commodity that 
a man can carry t« buy anything whatsoever."**^ 

In connection with this early account it is interesting to note 
that Andree says that at the trading posts salt is brought from 
Kissama and circulates as money. 

Sea Salt. — Sea salt is made on the northern and southern 
coasts of Angola, but this industry is much more important on 
the Cape Verde Islands, especially on the Islands Sal, Boavista 
and Mayo. On the Cape Verde Islands salt making is not a 
monopoly and is carried on chiefly by private enterprise, the 
State has, however, some salines on the Island of Mayo. In 
1904, 60,000 metric tons of salt were produced in the islands. 

Importation oTid Exportation. — No salt, is imported on the 
islands, which principally supply the Portuguese possessions on 
the mainland. A small amount is imported there from Portugal 
and England. 

The Cape Verde Islands also export a considerable amount of 
salt to North and Sotfth -AHierica, and-many ships voyaging to 
the Orient get their supplies of salt from these islands. 
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qebuan west africa. 

8ea Salt. — On the coast of Togo very little sea ealt is now 
made, although it was formerly an important industry, but 
the coast is not well adapted to it. Much less sea salt is made 
in the German West African possessions than in the English 
Gold and Slave Coasts and the French Dahomey Coast. 

At Daboja, in Togo is a salt swamp from which the negroes 
make a gray salt. 

In Adamawa, especially at Bubanjidda, plant salt is made (see 
page 247), but in the southern part of Kamerun there are brine 
springs. 

In German Southwest Africa salt valleys and salt pans are 
very common on the plain between Ovambo-Land and the hills 
of Damara-Land eastward to the Kalahari Desert. The salt 
obtained from these pans is so impure that it is only used by 
the natives and is called negro-salt. 

One of the largest of these pans is the Etosha pan, two and a 
half days' journey from Ondonga. This immense salt swamp 
is white as a frozen sea. At its western end is another pan 
which was visited in 1900 by Mr. Speak, an English engineer, 
who described it as a shallow, oval pan without inlet or outlet, 
about two miles wide. The floor is covered with a crust of salt 
12 to 15 cm. thick, beneath which is a black mud of unknown 
depth. Samples of this were analyzed and found to contain 
94.7% sodium sulphate. The black mud is therefore an impure 
glauberitic salt, while the upper crust is 90.4% sodium chloride. 
Potassium is wholly lacking. 

Importation and Exportation. — No estimates exist of the 
amount of salt produced in German West Africa. Most of the 
salt is imported, chiefly from Germany, but some Sahara salt 
finds its way into northern Kamerun. 

Part of the domestic salt and some of the imported salt is 
transported into the inferior. 

The salt is shipped up the Volta and Mono rivers in canoes 
to Kratji, which is the principal salt market. That designed 
for caravan transport further inland is packed in loads weigh- 
ing about 44 pounds. The value of such a load near the coast 
is 88 cents, which rises to $2.50 in the interior. 
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Any locality where salt can be obtained beeomes a natural 
trade station where salt serves as money. In fact, salt is the 
only currency which is always accepted throughont the regions 
of the interior. 

CENTRAL APBICA. 

SALT MAITUFACTUSED FROM PLANTS. 

Many thickly populated regions of Central Africa, especially 
in the southern Soudan, have no domestic salt and rarely or 
never obtain imported salt,- In these places a substitute for 
salt is made from the ashes of certain plants. Various species 
are used for this purpose as Sorghum vvlgare and other tall 
grasses, and plants of different genera, among them Salvadora 
persica, Borassus fiabeUiformis, Orewia mollis a/nd Pistta 
stratiotes."' 

The plants are burned to ashes, which are placed in perforated 
earthen vessels into which water is poured. The solution which 
flows through is evaporated over fire and gives a gray residue, 
which tastes of saltpeter. This is re-evaporated several times 
and finally a weak potassium salt is obtained. An analysis of 
the plant salt prepared by the negroes in Nbaniri gives the 
following result, in which there is no trace of common salt: 

Potassium chloride 67.98 

Potassium sulphate 28.73 

Potassiom carbonate 1.17 

Insoluble matter 1.65 

The negroes have learned to select plants with a small per- 
centage of potassium carbonate, as otherwise the salt would be 
too caustic for use. 

BABiry AND COSTLINESS OP SALT. 

In many parts of Central Africa salt is so costly that to say 
a man eats salt with his food is to say that he is a rich man. 
For in Central Africa, as in the interior of Madagascar, salt is 
a rare luxury, used only by princes and the wealthiest people. 

The amount of salt theoretically necessary for every person 
is about 12 pounds a year, and many travelers in Africa have 



us Von Buschman, Das Salz. toI. 2, pp. 112-213. 
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told of their sofEering for lack of salt. Mungo Park, after trav- 
eling among n^ro tribes and going without salt for a long 
time, says that when he finally passed through a salt market 
his loi^ng for Bait was bo great that he could not paint it in 
words. And Nachtigal describes how a handful of Bilma salt, 
that he had happened to keep on hig journey into Central Africa, 
became a valued treasure of which he daily ate a pinch or so. 
Rohlfa relates that on Lake Tchad the need of salt waa so great 
that the negroes did not wish to buy glass beads or corals, hut 
salt, always salt. The entire lack of salt in many tribes seems 
to produce chronic disease. 

So great is the desire for salt that parents will gladly sell 

their children, brothers their sisters, and husbands their wives 

into slavery for the sake of a few handsful of salt.*** 

EAST AFRICA. 

ITALIAN POSSEBSIONS. 

Salt Plaint and SaUnes. — In Eritrea there are a number of 
salt lakes and depressions alonp the coast in which salt layers 
are formed, but little or no salt is extracted from them. 

Most of the salt in Eritrea is obtained at the saline of Asale, 
on the great salt plain which is chiefly in Abj^ssinia and is de- 
scribed on page 249. The yearly output at Asale is 15.000 
metric tons.**" 

Salt is also produced at the natural salines of Bardoli, south 
of Massawa, wftich produces about 7,500 metric tons annually, 
and of Hasmat, north of Massawa. which produces some 300 
tons. An Italian company has recently been incorporated for 
the development of the rich natural salines of Asmara. 

In Somali-Land, on the coast to the west and south of Cape 
Gardafui, there are sea salines. 

Only a very small quantity of refined salt is imported into 
Eritrea as the colony produces enough salt for its own use. The 
import tax is 8% of the value. 

Salt is exported from Eritrea principally to Abyssinia and 
Arabia, and from Somali-Land to the Island of Zanzibar and 
German East Africa. The amount exported is not known. Salt 
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is transported into the interior on pack animals and along the 
coast on boats. 

The price of salt increases with the distance inland. In 1903, 
in Eritrea the average price of coarse cooking salt was 1 cent a 
pound, but at the marke<t of Lugh, where, as elsewhere in the 
interior of Somali-Land, there is no money, 1 chela of salt is 
worth the same amount of negro eom (Sorghum vulgare). 

ABYSSINIA. 

Salt Plains.—The great salt plain of Abyssinia is on the 
plateau of Afar, west of the town of Amila, on the coast of the 
Bed Sea. 

The salt extracted from this plain, like that from Lake Assal, 
is cut into pieces, which are described by some travelers as 
8xl'/2 inches in size, tapering at both ends, like a whetstone; 
ajid by others as prisms 11 to 12 inches long and li^ inches 
thick. The pieces weigh about 1% pounds. 

The explorer, Coffin, after a journey of some 50 miles from 
Amfila westward, came to the borders of the salt plain. He 
was there provided with a special kind of sandal made of palm 
leaves, which all who cross the salt plain must wear. The width 
of the plain is four days ' journey. For the first half mile .the 
salt is soft, it then becomes hard and crystalline like ice on which 
snow has fallen and frozen after it had partly thawed. Here 
and there masses of pure salt rise from the surface like branch- 
ing Madrepora coral. 

After Coffin had traveled five hours across the plain he came 
apon Abyasinians extracting salt with axes, in the shape of 
whetstones. The salt is in horizontal beds and is easily won. 
To a depth of about two feet from the surface it is hard and 
pure ; then it becomes coarse and softer and only hardens after 
it has been exposed a certain length of time to the air. Below 
a depth of three feet it is too earthy for use. Only a few points 
on the plain have been explored, but there is such a great amount 
of salt that the whole of Abyssinia and the neighboring countries 
could easily be supplied. 

Quarrying the salt was formerly very dangerous, because of 
the frequent attacks of a hostile tribe, so that only the poorest 
and lowest of the natives were employed. The salt caravans on 
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their way from the plain to the town of Antola were often 
attacked and the leaders of the caraT^ns held a position of great 
honor and importance, for the proBperity of the coontry de- 
pended largely on the eafe arrival of the earaTana.'" 

Production. — In 1900 the salt produced in Abyssinia was 
estimated at 14,000 metric tons*" (one metrict ton equals 2.205 
pounds) . 

.Imporiation and Exportation. — Some sea salt is imported 
from the coast of the Red Sea and the Gulf of Aden, and a 
small amout of foreign refined salt is used in Abyssinia. 

It is quite possible tliat some salt is exported to Egyptian 
Soudan, but there are no estimates of the amounts imported and 
exported. 

Salt as Money. — In Abyssinia until lately there were no small 
coins and pieces of salt were used as money. According to Von 
Busehman,*" this salt currency is still in use. The whetstone- 
shaped pieces of salt are called amoulies {amouiU, amulet, mnole, 
etc. ) . The value of an amoulie at the place of production is much 
less than in the interior. Thus where the salt is extracted 80- 
to 100 amoulies are worth $1. In Sokota, the chief salt market 
of Abyssinia, 60 to 80 bave the same value; in Adua, 48; in 
Qondar, 20 to 30 ; in Debra Tabor, 15 to 20, and near the Soudau, 
as in Fadasi and Baso, 4. 

Salt is so highly prized that the Abyssiniana carry pieces with- 
them to offer a taste to those whom they wish to meet as- 
friends."* 

FRENCH BAST APBIOA. 

Salt Trade. — In French Somali-Land, near the Gulf of Tajuni. 
is Lake Assal, 48 miles southwest from the town of Tajura. 
The salt extracted from this lake is cut into small pieces the 
shape of whetstones and is exported to Abyssinia, especially ti>- 
Setoa, where it is used as money.**' 

Ui Natural History of Salt, Ixindon, pp. 1S1-13G. 

m Mines and Quarries, 1903, pt. i, p. 3t2. 

tM Von Buschpian. Das Salz, vol. 2, 1906, pp. 287-290. 

Mi Universal Encyclopedia, vol. 10, 1902, p. 278. 

W5 Von Buschman. Das Sals, vol. 2. pp. 262-266. 
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In Madagascar there are salt swampa and hot springs on the 
southeastern coast, and on the west coast near the mouth of the 
St. Vincent River salt is obtained from a lagoon, where it evap- 
orates naturally. This salt is thought to be derived from a ro(A 
salt bed near the surface. The principal harvest is made by the 
natives in the dry season, when th© floor of the lagoon is covered 
with 2 to 6 inches of pure salt. At every harvest 300,000 pounds 
of salt are won. , 

Similar but smaller lagoons occur along the coast elsewhere 
on the island. 

Sea Salt. — Some sea salt is made along the coast, and at the 
Paris Fair, in 1900, sea salt was exhibited from the northern 
coast of Madagascar. 

Plant Salt. — In the interior of Madagascar, where salt is 
extremely scarce, the natives make a substitute for salt from thr) 
ashes of a species of palm. According to Von Bnschman, this 
plant salt forms an important article of trade. 

Salt is imported from Europe, especially from Prance. A 
small quantity is also brought in from Persia and Arabia. In 
1901, 2,994 metric tons were imported to the Islands of Mada- 
gascar and Reunion, of which 2,960 were from Prance. 

The tariff on salt entering these islands is the same as that 
of Prance, but salt enters the Somali Coast duty free. 

Most of the salt exported is that sent from Lake Assal to 
northern Abyssinia. 

BRITISH BAST AFRICA. 

In Uganda there are several salt-producing localities, of which 
the most important are Katwe, near Albert Edward Nyanza, and 
Kibero, near Albert Nyanza. Many battles have been fought 
for the possession of these places. 

Salt Lake of Katwe.^'^ — Stanley describes the salt lake of 
Katwe, or Mkijo, as the natives call it, as about 5 km. long and 
a yard deep. He saw in pits, dug in the sand in which water 
had been led and evaporated, beds of crystalline salt. This on 
analysis gave a percentage of 82.71% chloride of sodium, 8.43% 
of potassium sulphate and small amounts of other minerals. 

tM Darkest Africa, vol. 2. p. Sll. 
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The marked peculiarity of the lake is its blood red color. The 
mhabitanta of Katwe live on the sale of the salt from this lake 
and that of a smaller one to the southeast. As the salt is eagerly 
bought by the surrounding tribes it is very valnable.**^ 

Before continuing into the interior, Stanley provided himself 
with salt from Katwe and a hundred natives were busy the 
whole afternoon getting the salt. The people go out into the 
lake about 100 yards, where it is knee-deep, and lift out liunpa 
of the salt which they carry a short distance overland to the 
canoes in Albert Edward, or to the caravans. 

Salt is won on the eastern shore of Albert Nyanza at Vacovia, 
where saliferous earth is mixed with water and evaporated in 
earthen jars. Saliferous earth is refined in a similar way on the 
Island of Nyamasassi. 

But the chief salt industry of Albert Nyanza is further north, 
in the valley of Kibero. There salt is produced which supplies 
the whole northern part of Unjoro over to Mroli and a lai^e 
part of Uganda, 

Eat Brine Springs. — Emin Pasha says that not an inch of 
cultivated land is to be seen near Kiburo, ae all provisions are 
brought in from over the mountains. The all-absorbing industry 
— not of the men, for they are very lazy, but of the women — is 
winning the salt. This is obtained at a place about ten minutes' 
walk east from the edge of the lake, where there is a crescent- 
shaped valley, which is full of rock debris, except where it has 
been cleared by the women. The atones are so hot that they 
cannot be touched with the hand. Many hot brine springs, 85° 
to 90° Centigrade rise from the heated floor and escaping gases 
fill the air. Steam rises on all sides from the superheated water 
and the atmosphere is like that of a steam bath. But from the 
activities going on in this veritable Devil's kitchen, one would 
imagine oneself in a goM placer mine, and indeed for the natives 
salt is gold. Where stones have been removed the hot brine ia 
led in rills in all directions so as to saturate as much of the 
earth as pd^ible. Each worker's Seld 'is separated ofF by a low 
wall of stones. Everywhere women and chil<lren are at work 

W. Von Buachman, Dae Sali, vol, i. pp. 2'3T-246. 
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scraping up the salty earth or mixiag it with water and putting 
it in the filters, which are perforated clay vessels raised Qp on 
three stones, bo that the escaping brine may drip into smaller jaia 
beneath. The brine is then either evaporated in the open air 
and a white salt obtained, or it is boiled in the huts which makes 
a darker and leas pure salt. The art of the women who make the 
salt lies largely in the proper mixing of earth and water before 
filtering. 

The salt is generally of a dark color and of a slightly bitter 
flavor. It is packed for sale in cylindrical packages wrapped in 
dried banana leaves. Such a pack^e, which weighs about 25 
potmds, was WMth, in 1880, 400 cowry shells {Gypraea moneta), 
which represent about $1.30. The salt is also traded for ox-hides 
and the skins of large antelopes and for Durrah, or native com 
{Sorghum vulgare), and raw iron, glass beads and other wares. 

Further north from Alberta Nyanza salt is also made from 
saliferoQS earth in several places, but in much less quantity. 

Plant Salt. — As not nearly enough salt is made to cover the 
demand in eastern equatorial Africa, aubstitntes for salt are 
made, as from the ashes of grasses. 

Sea 5ait.^-0n Mauritius some sea salt is made, but not enough 
to supply the island. 

Importation and Exportation. — A large amount of foreign 
salt is imported, chiefly from English Somali-Land and from 
Aden and other places on the Arabian coast. Salt is also brought 
from Cape Colony, England, Qermany and France. No estimato 
is possible of Hie total amount imported. 

A small quantity is exported to ttorthem Brttieh South Africa 
and to Madagascar. 

QERHAN EAST AFRICA. 

Salt Springs, Steppes. — In German East Africa there are 
extensive salt steppes and salt lakes and brine springs which 
have been used for the production of salt by the natives for 
many years. 

In the province of Usambara there are salt steppes south of 
Mount Kilimandjaro.'** 

MS Von Bnschma.n, Das Salz, vol. 2, pp. ZS1-2M. 
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South of Mount KUimandjaro is Lake Manyara, along the 
shores which are encrusted with salt are a nnmber of hot 
springs, some with a temperature of 80" Centigrade. The plain 
Bouth of the lake is Ter7 saline and is no doubt the floor of a 
former salt lake, which was an extension of the present Lake 
Manyara. Analyses made of the salt from Lake Manyara and 
the brines on its shores showed the presence of a large percental 
of impurities, yet the negroes always mix it with their sorghum 
bread. 

According to Von Busehman, a much purer salt is obtained 
further south from the saliferous earth of Irangi, and salt is 
won from salt steppes and small salt lakes in a few other locali- 
ties. 

But most of the salt used in the colony is made from the 
brine springs in the province of Uvinza, which is near Lake 
Tanganyika. This salt is shown by analysis to be 95.57% 
sodium chloride. A company has lately been incorporated which 
purposes to supply all the Central African region with salt from 
the Uvinza brines. 

Plmit Salt. — "Where no salt can be obtained the natives make 
plant salt from the ^hes of the reed grasses, which are burned 
on the steppes every year. This substitute for salt is made in 
a number of villages, as for example in Rugago, in the province 
of Makena. 

Importation and Exportation. — Salt is imported ehiefly from 
Lidia, Persia, and Arabia, the Somaii-Coaet and Cape Colony. 
The imported salt is nearly all sea salt, which is brought in 
bulk as ships' ballast, and is packed in sacks on the coast. A 
small amount of table salt is brought in from England. The 
total amount annually imported is about 2,860 metric tons. 

Some salt is exported. The export tax is 10% of the value. 

PORTUGUESE EAST AFRICA. 

Rock Salt Springs. — In Mozambique,, Lorenzo Marqnez and 
the other Portuguese dependencies no rock salt deposits have 
been discovered ; but Karsten states that in the whole valley^ of 
the Zambesi there are salt springs, salt streams and salt'lake«. , 
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The earth is saliferous along the banks of many rivers as far 
as the waters are brackish and the negroes make a lai^e quantity 
of salt for their own use by filtering and refining this soil. 

Sea salt ia made along the entire coast, but partietilarly near 
Mozambique and Quilimane, which is north of the mouth of 
the Zambesi. 

Von Buschman states that in a saline at Idugo in the region 
of Angoaze the "Companhia da Zambezia" prodnees annually 
abont 10,000 sacks of sea salt, each sack weighing 60 pounds, 
which would make 300 metric tons. In this saline ten negroes 
and two white men are employed. 

Importation and Exportation. — The very high tariff practi- 
cally prevents the importation of foreign salt and all the salt 
brought in is either from Portugal or the Portuguese colonies. 

Some salt is exported from Mozambique to Natal. 

The wholesale price of a 60-potind sack of salt in Quilimane, 
in 1903, was 400 reis."* 

SOUTH APBICA. 

In South. Africa salt is obtained from salt lakes (salt pans) 
and salt marshes (salt vleys), which occur along the coastal 
region and also far inland. The salinity of the coastal pans is 
apparently derived from the sea, but no adequate explanation 
has been given of the inland salt pans. 

COASTAL SAl/F PANS. 

In Cape Colony there are a number of salt pans and salt 
vleys not far from Cape Town. These are usually separated 
from the sea by a belt of sand dunes. Among the most important 
is the salt vley of Muizenberg, on the east coast of the Cape pen- 
insula. North of Cape Town, in Zwartland, the water is so salty 
that only those who are accustomed to it can drink it. 

In the district of Swellendam is a large salt pan and the 
encrustation along the shores are harvested. 

Eastward in the region of Algoa Bay, near Port Elizabeth, 
are two salt pans at Bethelsdorp and Zwartkops.*** The com- 
pany that owned the former has lately failed. The latter, which 
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is called the Orootpan, is two miles east of the Zwartkops River 
and lies about 90 yards above sea level. It fumiflhea an excel- 
lent salt very like the English salt of "Worcestershire. For many 
years it has been ooutroUed by the Zwartkops Saltpan Company. 
The Grootpan lies in the midst of a deep forest, like a snow field 
that gleams and glitters in the sunshine, with a lake in its center, 
of deep blue water. 

The salt is harvested from Nomnber to April by same 150 
workmen, who serape it np with spades and wooden rakes and 
pile it in heaps to dry. The lake is a nearly r^ralar oval, 1,500 
long and 1,000 yards wide. When it is full after a heavy rain it is 
about two feet deep. It is fed by brine springs, which cover 
the entire Soor, with a Etalt crust that is strong enough to sup- 
port the weight of the workmen. The salt that is removed is 
thus constantly beit^ made up for by fresh deposits. Salt has 
bemi extracted from the Glrootpan since the time of the earliest 
colonists and before that it had been used by the natives. Tfaa 
present daily production while the harvesting is going on is 300 
tons. The salt is packed in 200-pound bags for sale, and is 
graded as coatse, medium and fine. The company has lately 
run a branch railroad to the pan so that the salt is now trans- 
ported by rail, instead of by ox-eart, as formerly. 

INLAND SkVt PANS. 

In the Kalahari Desert**' the salt pans and salt vlej^ serve 
aa licks for hundreds of wild antelopes. And in many localities 
the Bushmen and other tribes living near produce salt in a very 
primitive way for their own use and for trade with tribes in the 
interior. 

In the Great Karroo region are many similar saline depressions 
and a salt stream which, according to Barrow, is as salt as the 
water of the English GhanoeL 

Near the Orange River, where the country is ewjeedingly -arid, 
in a tract of land called the Panne-vidd, are a great ntimber of 
salt pans. They are all -more or less «ireular and vary in size 
from a few y%nl» to Mveral miles in diaowter. The exact com- 

tii Passanec S., Die KalaJiM-l, «ff41n, Itm. 
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position of the salt is not well known, but sulphates of calcium 
and magneaiuin are present, as weU as the ehlorides-f 

PBWUOnON. 

From the salt pans, which are distributed in 17 Divifiions, of 
which the lai^st are in Cradock, Ceres, Uopetown, Port Eliza- 
beth, Prieska, UitMibage and Malmesburg, the total production 
was, in 1903, 15,113 tons.*** 

No salt is produced in Natal or in ZtUa-Land. 

In the Transvaal and Orange Kiver Colony there is a lai^e 
amount of salt in salt pans, especially in the northern Transvaal. 
But, according to the Glovermuent Mining Engineer, salt is 
extracted from only one of these pans, which belongs to the 
Zoutpans Berg Salt Company. The region is so unhealthy that 
salt can be obtained from this pan only during the winter. In 
1902-1903, 770 tons were produced. 

In the interior of South Africa there are many places where 
salt is obtained by Kaffirs, Hottentots, Bushmen, BeehuanaH 
and Matabeles for their own uae and for trading with tribes to 
the northward that are without salt. 

liLPOaXA-TIOii AND BXP(AT&TION. 

The tariff on all but English salt is 10% of the value; vn 
English salt it is 7i^%. The salt is imported chiefly from Eng- 
land and some also from Qermany, Belgium and Mozambique. 
In 1904, 8,794 tons were imported from England. 
A small quantity is exported to Qerman Southwest Africa. 
ATISTRATjIA.W. W 
cfbnxr&l occubbbncb of sai/t. 

The western interior of Australia is occupied by the Great 
Sandy Desert, in which there are a large number of salt lakes 

Ut Rogers, A. W., Geology at Cape Colony, 1906, pp. 38S-S8T. 

<|S Mines and Quarries, 1S03, part 4, p. 331. 

Hi Von Buachnian, vol. 2, pp. 481-497. 

fK S^rer. Salzbergbau, pp. 310-311. 
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and marBhee. Another ffronp of salt lakes lies in a series of 
depressions not far from the sonthem coast. Of the latter the 
most important is Lake Torrens. 

Mort of these hikes, however, contain bitter salts, as well as 
sodium chloride, and as a mlp no attempt is made to reflne the 
salt. Bnt in South Anstralia, where the production of salthas 
become an important indnstry, there are salines at several salt 
lakes, as at Lake Fowler and Lake Torrens. The salt lakes 
beloner to the Crown and are leased to private companies at 25 
cents per acre, 

SEASAUr. 

Pea salt is also produced especially in Sonth Australia at Port 
Adelaide and on York Peninsula, where there is a large salt 
refinery. 

Tn Victoria there are four sea salines, which produced in 1904, 
9.7R1 metric tons. 

Tn "West Australia, on the small island of Rottnest. near 
Prcmautle. there are sink holes, or denressions. which become 
filled with salt water in winter. These lakes dry up in sQDuner 
and leave encrustations of salt that are remarkaWe for the size 
of the crvstnls, which are netahedrona fully an inch lone. About 
mo to IS."! metric tons are annually produced in this saline. 

Tn New South Wales there are small, local beds of rocfc salt, 
bnt they are of no economic tae. 

pBooncnoN. 

In 19P4. South Australia and Victoria produced 43,433 metric 
tons, of which 93% was made in South Anstralia. 

IMPORTATrON AND EXPORTATIOK. 

Colonial salt enters Australia duty free, and so does brown 
rock salt and salt for agricnltural purposes. The tariff on 
foreign salt is $2.95 per metric ton for ordinary salt, and on 
table salt it is 15% of the yalne. 
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Salt is imported chiefly from England and in small quantities 
from Germany. 

In 1903, the wholesale price of salt in Melbonme was $17.73 
per metric ton, but the retail price was $33 for the same amoimt. 
Id greneral the retail price of salt in AtiHtralia is from two to foor 
times the price of the wholesale rate, 

NEW ZEALAND. 

In New Zealand there is no salt except that which ia contained 
in some of the mineral aprings. 

Salt is imported from England, and in smaller qnantitiea from 
Gfermany and the United States. 
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